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TREATISE^ 

<$i  * 

•  Practical  Surveying; 


WHICH  IS  DEMONSTRATED 


FROM  ITS  FIRST  PRINCIPLES. 


,1^- 


WHEREIN 


Every  Thing  that  is  useful  and  curious  in 
that  Art,  is  fully  considered  and  explained. 


PARTICULARLY 

Three  new  and  very  concise  Methods  for 

DETERMINING  THE  AREAS  OF  RlGHT-LINED 

Figures  Arithmetically,  or  by  Calcu¬ 
lation,  AS  WELL  AS  THE  GEOMETRICAL 
ONES  HERETOFORE  TREATED  OF. 

The  whole  illuftrated  with  Copper-Plates. 

The  SIXTH  EDITION. 

By  ROBERT  G  IB  S  0  N,  Teacher  of  the  Mathematics. 


With  Alterations  and  Amendments,  adapt¬ 
ed  to  the  Use  of  American  Surveyors. 


PHILADELPHIA: 

PRINTED  BY  JOSEPH  C  RUKS  HA  NK%  No.  87,  HIGH-STREET, 

I?Q2. 


Advertifement. 


rPH  E  prcfent  publication  being 

chiefly  intended  for  the  Ameri¬ 
can  reader,  we  have  taken  the  liberty 
of  making  fome  alterations,  which,  it 
is  prefumed,  will  rather  prove  advanta¬ 
geous  than  othenvife. 

Some  parts  of  the  work  have  been 
abridged,  and  other  parts  totally  omit¬ 
ted,  as  being  of  little  or  no  ufe  to  the 
American  furveycr.  Thefe  alterati¬ 
ons  have  enabled  the  Editor  to  intro¬ 
duce  into  the  body  of  the  work,  fome 
matters  of  confiderable  importance  in 
the  practice  of  furveying;  among  ft 
which,  are  a  complete  fet  of  tables 

J  -A. 

of  latitude  and  departure,  to  the  dif- 
tance  of  ioo,  and  to  every  15  minutes 
of  the  quadrant;  alfo  an  example  of 
calculating  the  contents  of  a  furvey, 
according  to  the  method  commonly 
praclifed  in  the  furvey  or  general’s  office 
in  this  citv. 


Philadelphia,  1780. 
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PREFACE. 


^TjP  H  E  word  geometry  imports  no  more 
|  than  to  meafure  the  earth ,  or  to  mea- 
fnre  land ;  yet  in  a  larger  and  more  proper 
fenfe,  it  is  applied  to  all  forts  of  dimenfi- 
ons.  It  is  generally  fuppofed  to  have  had 
its  rife  among  the  Egyptians,  from  the  ri¬ 
ver  Nile's  deltroying  and  confounding  all 
their  land-marks  by  its  annual  inundati¬ 
ons,  which  laid  them  under  the  neceffity 
of  inventing  certain  methods  and  meafures 
to  enable  them  to  diftinguifh  and  adjuft  the 
limits  of  their  refpective  grounds,  when 
the  waters  were  withdrawn.  And  this  opi¬ 
nion  is  not  entirely  to  be  rejedied,  when  we 
confider  that  Mofes  is  faid  to  have  acquired 
this  art,  when  he  refided  at  the  Egypt  iqyi 
court.  And  Achilles  Tatius  in  the  begin¬ 
ning  of  his  introdudlion  to  Aratns' s  Ph<z- 
nomena ,  informs  us,  that  the  Egyptians  were 
the  firlt  who  meafured  the  heavens  and  the 
earth  (and  of  courfe  the  earth  firft)  and 

that 


VI 


PREFACE. 


that  their  fcience  in  this  matter,  was  en¬ 
graven  on  columns,  and  by  that  means 
delivered  to  poller ity. 


It  is  a  matter  of  forne  wonder,  that 
though  Purveying  appears  to  have  been  the 
jfirft,  or  at  lead  one  of  the  firft  of  the  ma¬ 
thematical  iciences,  that  the  red  have  met 
with  much  greater  improvements  from  the 
pens  of  the  mod  eminent  mathematicians, 
while  this  feems  to  have  been  negleded ; 
infomuch  that  I  have  not  been  able  to  meet 
with  one  author,  who  has  diffidently  ex¬ 
plained  the  whole  art  in  its  theory  and 
practice :  for  the  mod  part,  it  has  been  treat¬ 
ed  of  in  a  practical  manner  only;  and  the  few 

who  have  undertaken  the  theory,  have  in  a 

¥  * 

grea$  meafure  omitted  the  practice. 

Thefe  confiderations  induced  me  to  at¬ 
tempt  a  methodical,  eafy,  and  clear  courfe 
of  Surveying;  how  far  I  have  fucceeded  in 
it,  mud  be  determined  by  the  impartial 
reader:  the  deps  1  have  taken  to  render  the 
whole  evident  and  familiar  are  as  follow : 


In  feet  ion  the  firffc ,  you  have  decimal 
fractions,  the  fquare  root,  geometrical  de¬ 
finitions,  fome  necetfary  theorems  and  prob¬ 
lems  ;  with  the  nature  and  ufe  of  the  tables 
of  logarithm  numbers,  figns,  tangents,  and 
fecants. 


The 


PREFACE. 


vn 

The  feeond  fedtion  contains  plane  tngo- 
nocnetry  right  angled  and  oblique,  with  its 
application  in  determining  the  meafures  of 
inaccellible  heights  and  diftances. 

The  third  fedtion  gives  an  account  of  the 
chains  and  meafures  ufed  in  Great- Britain 
and  Ireland ,  methods  of  furveying  and  of 
taking  inacceffible  diftances  by  the  chain 
only,  with  forne  neceffary  problems;  alfo  a 
particular  defeription  of  the  feveral  inflru- 
ments  uied  in  furveying,  with  their  refpec- 
tive  ufes. 

The  fourth  fediion  contains  two  methods 
of  finding  the  areas  of  maps  from  their  ge¬ 
ometrical  con ftr  11  (Sion,  more  concife  than 
any  heretofore  made  public. 

The  fifth  fedtion  contains  a  new,  and 
much  more  concife  method  of  determining 
the  areas  of  Purveys  from  the  field-notes, 
or  by  calculation  than  any  hitherto  p'ublifh- 
ed ;  and  1  venture  to  affert  that  it  is  ifnpoffi- 
ble  (from  the  nature  of  right-lined  figures) 
that  any  method  or  methods  more  concile 
than  this,  can  be  invefiigated. 

To  thefe  methods  is  annexed  a  fliort  table 
of  difference  of  latitude  and  half  departure, 
to  every  degree  and  quarter  of  a  degree  of 
the  quadrant,  the  ftationary  diftance  being 

one 
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one  chain ;  which  will  be  found  as  ready, 
by  a  little  pra&ice,  and  perhaps  more  exaCt, 
than  thofe  already  publilhed. 

Truth  calls  upon  me  to  acknowledge,  that 
the  methods  by  calculation,  herein  fet  forth, 
siot  their  rife  from  thofe  of  the  late  Thomas 

o 

Burgh ,  efq.  who  firft  difcovered  an  univerfal 
method  for  determining  the  areas  of  right 
lined  figures,  and  for  which  he  obtained  a 
parliamentary  reward.  I  hope  therefore  it 
cannot  be  conftrued  as  an  intention  in  me  to 
take  from  his  great  merit,  when  I  fay,  that 
the  methods  herein  contained  are  much  more 
concife-and  ready  than  his. 

Section  the  fixth  contains  the  nature  of 
off-lets,  and  the  method  of  calling  them  up 
by  the  pen :  the  nature  and  application  of 
enlarging,  diminifhing,  and  connecting  of 
maps :  variation  of  the  compafs  by  ampli¬ 
tudes  and  azimuths,  with  fome  of  its  ufes  ; 
to  which  is  added,  a  table  of  the  fun’s  de¬ 
clination:  how  to  find  byxwhat  fcale  a  map 
is  laid  down,  having  the  map  and  area 
given:  how  to  find  the  content  of  ground 
that  is  furveyed  by  a  chain  that  is  too  long¬ 
er  too  fhort :  the  method  of  dividing  lands  : 
And  the  whole  concludes  with  fome  neceffa- 
ry  directions  and  remarks  on  furveys  in 
general. 
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PRINCIPLES 
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SURVEYING 
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SECT.  L 

Containing  Decimal  Fractions,  the  Square  P^ooi,  Geo¬ 
metrical  Definitions ,  Theorems  and  Problems  ;  with 
the  Nature  and  life  of  the  Tables  of  Logarithm 
Numbers ,  Sines,  Tangents,  and  Secants . 

*  DEFINITION. 

SURVEYING  is  that  art  which  enables  us  to 
give  a  plan,  or  juft  reprefentation,  of  any 
piece  or  parcel  of  land,*  and  to  determine  the 
content  thereof,  in  fuch  mealure  as  is  agreeable 
and  cuftomary  to  the  country  or  place  where  the 
land  is. 

This  fcience  depends  on  fome  parts  of  the  mathe¬ 
matics,  which  muft  be  known  before  we  can  treat 
of  it,  wherefore  we  fhall  begin  with 

DECIMAL  FRACTIONS. 

If  we  fuppofe  unity  or  any  -one  thing  to  be  di¬ 
vided  into  any  affigned  number  of  equal  parts,  this 
number  is  called  the  denominator ;  and  if  we  chufe 
to  take  any  number  of  fuch  parts  Ids  than  the 
whole,  this  is  called  the  numerator  of  a  fraction. 

B  The 


d  DECIMAL  FRACTIONS. 

The  numerator,  in  the  vulgar  form,  is  always 
wrote  *over  the  denominator,  and  thefe  are  fepara- 

ted  by  a.  fmall  line  thus  ~-r  or  the  firft 

of  thefe  is  called  5  twelfths,  and  the  latter  7  twelfths 
of  an  inch,  yard,  perch,  or  of  what  ever  the 
whole  thing  originally  was. 

Fractions  are  expreffed  in  two  forms,  that  is,  ei¬ 
ther  vulgarly  or  decimally. 

All  fractions  whofe  denominators  do  not  confifl 
of  a  cypher  or  cyphers  let  after  unity,  are  called 
vulgar  ones,  and  their  denominators  are  always 
wrote  under  their  numerators.  The  treating  of  thefe 
would  be  foreign  to  our  prefent  purpofe.  But  frac¬ 
tions  whofe  denominators  confifl  of  an  unit  prefix¬ 
ed  to  one  or  more  cyphers,  are  called  decimal  frac¬ 
tions  ;  the  numerators  of  wLich  are  written  without 
their  denominators,  and  are  diftinguifhed  from  inte¬ 
gers  by  a  point  prefixed  :  thus  and  *n 

the  decimal  form,  are  expreffed  by  .2  .42  .172. 

The  denominators  of  fuch  fractions  always  ’con¬ 
fiding  of  an  unit,  prefixed  to  as  many  cyphers  as 
there  are  places  of  figures  in  the  numerators, 
it  follows,  that  any  number  of  cyphers  put  after 
thofe  numerators,  will  neither  increafe  or  leffen 
their  value :  for  and  T~°-^  are  all  of  the 

fame  value,  and  will  fland  in  the  decimal  form 
thus  .3  .30  .300 ;  but  a  cypher  or  cyphers  prefix¬ 
ed  to  thofe  numerators,  leffen  their  value  in  a  ten¬ 
fold  proportion  :  for  T~~r^s  and  which  in  the 
decimal  form  we  denote  by  .3  .03  and  .003,  are 
fradtions,  of  which  the  firfl  is  ten  times  greater 
than  the  fecond  \  and  the  fecond,  ten  times  greater 
than  the  third. 

Hence  it  appears,  that  as  the  value  and  deno¬ 
mination  of  any  figure  or  number  of  figures  in 
common  arithmetic  is  enlarged,  and  becomes  ten 

or 
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or  an  hundred,  or  a  thoufand  times  greater,  by 
placing  one  or  two,  or  three  cyphers  after  it ;  lb 
in  decimal  arithmetic,  the  value  of  any  figure  or 
number  of  figures,  decreafes,  and  becomes  ten, 
or  a  hundred,  or  a  thoufand  times  lefs,  while  the 
denomination  of  it  increafes,  and  becomes  fo  many 
times  greater,  by  prefixing  one,  or  two,  or  three 
cyphers  to  it :  and  that  any  number  of  cyphers, 
before  an  integer,  or  after  a  decimal  fraction,  has 
yio  effect  in  changing  their  values. 


Integers. 

.-A _ 
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Decimals. 
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Addition  of  DECIMALS. 


Having  placed  thofe  figures  which  are  equi-diff 
tant  from  the  point,  (as  well  integers  as  fractions) 
under  each  other,  add  them  as  if  they  were  integers. 


Examples. 

Add  4.7832  3.2543  7.8251  6.03  2.857  an4 
3.251  together.  Place  them  thus, 

4.7832 

3*2543 

7.8251 

6.03 

2.857 

3-25r 


Anfwer  28.0006 


Add 
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Add  6.2  121.306  .75  2.7  and  .0007  to¬ 
gether.  121.306 

•75 

2.7 

.0007 

Anfvver  130.9567 


What’s  the  fum  of  6.57  1.026  .75  146.5 

8.7  526.  3.97  and  .0271? 

Aniwer  693.5431. 

What’s  the  fum  of  4.51  146.071  .507  .0006 

132.  62.71  .507  7.9  and  .10712? 

Anfwer  354.31272. 

Subtraction  of  D  E  C  I  M  A  L  S. 

Having  placed  the  figures  which  are  equidiftant 
from  the  point,  under  each  other ;  deduft  as  if  they 
were  integers. 

Examples. 

r  <  ' 

From  38.765  take  25.3741 

25*374I 

Anfwer  13.3909 


From  2.4  take  .8472 
.8472 


i-5528 


From  71.45  take  8.4837248 
Anfwer  62.9662752. 


From 
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From  84  take  82.3412 
Anfwer  1.6588 

Multiplication  0/  D  E  p  I  M  A  L  S. 

Place  the  multiplicand  and  multiplier,  after  any 
manner  under  each  other ;  and  having  multiplied 
as  in  whole  numbers,  cut  off  as  many  places  of 
decimals  in  the  product,  counting  from  the  right 
hand  towards  the  left,  as  there  are  in  the  multipli¬ 
cand,  and  multiplier :  but  if  there  be  not  a  iuffici- 
ent  number  of  places  in  the  product,  the  defeat  may 
be  fuppiied,  by  prefixing  cyphers  thereto. 

For  the  denominator  of  the  product,  being  an 
unit,  prefixed  to  as  many  cyphers,  as  the  denomi¬ 
nators  of  the  multiplier  and  multiplicand  contain  of 
cyphers,  it  follows,  that  the  places  of  decimals  in 
the  produdt,  will  be  as  many  as  in  the  numbers 
from  whence  it  arofe. 

Example  $. 

Multiply  48.765  by  .003609 
.003609 

438885 

292590 

146295 

Anfwer  .175992885 

Multiply  .121 
by  .14 

484 

121 


Anfwer  .01694 


Multiply 
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DECIMAL  FRACTION  So 


Multiply  121.6  by  2.76 
2.76 


7296 

8512 

2432 

Anfwer  335.616 


Multiply  .0089789  by  1085 
Anfwer  9.7421065 

Multiply  .248723  by  .13587 
Anfwer  .03379399401 

Divifion  of  DECIMALS. 

Having  divided  as  in  whole  numbers,  annexing 
cyphers  to  the  dividend  if  they  be  wanted  ;  the 
decimal  places  in  the  divifor  and  quotient  muft  be 
equal  to  thofe  in  the  dividend,  and  the  defedl  fup- 
plied  by  prefixing  cyphers  to  the  quotient. 

For  the  dividend  is  a  product,  contained  under  the 
divifor  and  quotient  j  and  that  product  contains  as 
many  places  of  decimals  as  the  numbers  do  from 
whence  it  arofe :  therefore,  the  difference  between 
the  number  of  decimals  in  the  dividend  and  divifor, 
mufl  be  cut  off  in  the  quotient. 

E  X  A  M  P  L  E  S. 

Divide  .144  by  .12 
.12).  i44(  1.2 


24 

Divide 
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» 

Divide  63.72413456922  by  2718 

27 1 8)63-7241 3456922(. 02344522979 

9364 


I  2101 


1  2293 


I4214 


6245 

on— —  ■  11  1  I 

8096 

26609 


21472 

24462 


Anfwer  .02344522979 

There  being  1 1  decimal  figures  in  the  dividend, 
and  none  in  the  divifor,  1 1  figures  are  to  be  cut  ofi 
in  the  quotient ;  but  as  the  quotient  itfelf  confifis  of 
but  10  figures,  we  prefix  to  them  a  cypher  to  corn- 
pleat  that  number. 

Divide  1.728  by  .012 
.012)1.728(144 


52 


Eecaufe 
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DECIMAL  FRACTIONS. 

Becaufe  the  number  of  decimal  figures  in  the 
divifor  and  dividend,  are  alike,  the  quotient  will 
be  integers. 

Divide  2.00000  by  3.1416 

3. 1416)2.  ooobo(.  63661 8 

1 15040 


207920 


194240 


57440 

260240 

8912 

«,  i. 

There  being  4  decimal  figures  in  the  divifor,  and 
10  including  the  cyphers  brought  down  in  the  di¬ 
vidend,  the  difference,  which  is  6  figures,  to  be 

cut  off  in  the  quotient. 

* 

Divide  87446071  by  .004387. 

Anfwer  199*33* 

Divide  .624672  by  482. 

Anfwer  .001296. 

Divide  66.993548  by  27.4. 

■Anfwer  2.44502. 

PRO  B.  I. 

T 0  reduce  a  Vulgar  Fraction  to  n  Decimal  one  of  the 

fame  Value . 

Having  annexed  a  fufficient  number  of  cyphers 
as  decimals,  to  the  numerator  of  the  vulgar  fraction, 
divide  by  the  denominator ;  and  the  quotient  thence 
anting,  will  be  the  decimal  fraction  required. 

E  X  A  M- 
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Examples. 

Reduce  to  a  decimal  fra&ion. 
4)3.oo(.75  Anfwer. 


20 


For  of  one  (hilling,  yard,  perch,  &c.  is  equal 
to  one  fourth  of  three  (hillings,  yards,  perches,  &c. 
therefore  if  3  be  divided  by  4,  the  quotient  will  be 
the  anfwer. 

Reduce  }  to  a  decimal  fra&ioR. 

5)2.o(.4  Anfwer. 


Reduce  yj  t0  a  decimal  fraction. 
25)i2.oo(.48  Anfwer. 


200 


Reduce  ~V  to  a  decimal  fraction. 

Anfwer  .1146789. 

P  R  O  R.  II. 

To  find  the  Value  of  a  Decimal  FraElion ,  in  the  known 

Parts  of  the  Integer. 

Multiply  the  decimal  propofed,  into  the  number 
of  equal  parts  contained  in  the  integer,  and  the 
product  will  be  the  •number  of  fuch  parts  as  are  ex- 
preffed  by  the  fraction. 

What’s  the  value  of  .25  of  a  pound  (lerling? 

20 


Anfwer  (hillings'  5.00 

Fer 


C 


* 


lo 


DECIMAL  FRACTIONS. 


For  .25  or  ~s-  of  one  pound,  is  equal  to  the  one 
hundredth  part  of  25  pounds,  or  of  the  (hillings 
in  25  pounds,  which  are  500 ;  therefore  the  one 
hundredth  part  thereof  will  be  5  (hillings  ;  which 
is  effected  by  cutting  o(f  the  two  cyphers,  for  the 
two  decimals,  by  a  point. 

What’s  the  value  of  .385  of  a  pound  fterling  ? 

20 


Shillings  7.700 

12 


Pence  8.400 
4 

Farthings  1.600 


What’s  the  value  of  .48  of  a  chain  of  50  links  ? 

5° 


Anfwer,  links  24.00 


What’s  the  value  of  .2864  of  a  (hilling  ? 

12 

Pence  3.4368 
4 

Farthings  1.7472 


WFat  s  the  \alue  of  .287  of  a  pound  weight 

Oz.  dwt.  gr. 

Anfvver  3  8  21 


What’s 


The  S  Q^U  ARE  ROOT.  i? 

What’s  the  value  of  .2945  of  a  pound  avoirdu- 
poife  ? 

Oz.  dwt. 

Anfwer  4  11^ 


The  EXTRACTION  of  the 
S  Q^U  ARE  ROOT. 

A  SQUARE  number  is  the  product  of  a  num- 
ber  multiplied  by  itfelf;  and  the  number  fq 
multiplied,  is  called  the  root  of  that  fquare ;  thus 
9  is  the  fquare  of  3,  and  3  is  the  root  of  9,  for  3 
multiplied  by  3  is  9. 

If  a  fquare  number  be  given  to  find  its  root,  ob~ 
ferve  if  the  number  of  figures  or  places  in  the  given 
fquare  be  odd  or  even,  if  they  be  odd,  find  the 
root  of  the  firfl  figure ;  but  if  they  be  even,  of  the 
two  firfl ;  under  which  place  the  fquare  of'  that  root, 
and  dedudt,  placing  the  root  in  the  quotient,  and 
bring  down  two  figures  to  the  remainder. 

Let  the  double  of  the  faid  root  be  made  a  divifor 
to  all  the  figures  of  that  lafl  remainder,  except  the 
lafl ;  put  the  quotient  thereof  with  the  root,  or  for¬ 
mer  quotient ;  and  having  multiplied  it  into  the 
numbers  fo  formed,  dedudl  the  product  from  the 
foregoing  figures  or  refolvend  :  and  in  like  manner 
proceed,  till  all  the  figures  of  the  given  fquare  are 
exhaufled. 

If  there  be  any  decimals  in  the  given  fquare, 
their  number  muff  be  even,  or  made  fo,  before  we 
begin  to  find  the  root,  by  adding  a  cypher  to  the 
right  hand ;  and  for  every  two  places  of  decimals 

in  the  fquare,  let  one  be  cut  off  in  the  root. 

E  X  A  M- 
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Examples. 

i.  What’s  the  fquare  root  of  this  fquare  num¬ 
ber,  298116? 

29,81,16(546 

2  5 

n— ■■ 

104)481 

4l6 

1086). 6516 
6516 


Becaufe  the  number  of  figures  in  the  given 
fquare  number  is  even,  we  find  the  neareft  fquare 
number  to  the  two  firft  figures  29,  which  is  25, 
the  root  whereof,  5,  we  fet  in  the  quotient,  and 
deduct  25  from  29,  and  to  the  refidue  4,  we  annex 
the  following  figures,  81,  fo  we  have  481  for  a  re- 
folvend. 

Ihe  double  of  the  firft  figure  in  the  quotient 
being  10,  is  then  fet  as  a  divifor  to  48,  all  the  fi¬ 
gures  in  the  refolvend,  but  the  laft ;  and  finding 
it  to  be  contained  4  times,  we  annex  the  4  to  the 
divifor  .  and  quotient;  the  then  divifor,  104,  is 
multiplied  by  the  laft  figure  in  the  quotient  4, 
and  the  product  4? 6  is  deducted  from  the  refol- 
vend  481,  to  the  refidue  whereof  is  annexed  the 
two  following  figures  in  the  fquare,  fo  we  have 
65 it)  ror  a  new  refolvend,  to  all  which  figures 
but  the  laft  we  make  108,  the  double  of  54,  the 
figures  in  the  quotient  a  divifor,  and  finding  it 
will  be  contained  6  times,  we  place  6  in  the  di- 
vilor  and  quotient;  the  then  divifor  1086  is  mul¬ 
tiplied  by  the  laft  figure  in  the  quotient  6,  and 
the  product  being  fet  under  the  refolvend  and 

thence 


The  S  Q^U  ARE  ROOT.  13 

thence  deducted,  leaves  nothing:  fo  is  546  the 
root  fought. 

For  if  the  root  546  be  fquared  or  multiplied 
by  546,  the  product  will  be  the  fquare  number 
given. 

2.  What  is  the  fquare  root  of  1710864? 

Root. 

1,71508,64(1308  Anfwer. 

1 


69 


2608). 20864 
20864 


What  is  the  fquare  root  of  38 57.3  ? 

Here  being  an  odd  decimal  figure,  we  annex  any 
odd  number  of  cyphers  to  make  the  decimal  places 
even ;  and  then  extradling  the  root  as  before,  we 
thence  cut  off  half  the  number  of  decimals  that  we 
have  in  the  fquare.  Thus, 

Root. 

3^57,300000(^2* Ic7  Anfwer. 

36 

122)257 

244 


i24i)i33° 
I  241 


124207)  89OOOO 

869449 


.20551 


If 


*4 
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If  to  the  fquare  of  this  root  we  add  the  remain¬ 
ing  figures  20551,  we  fhall  have  our  given  fquare, 
whofe  root  was  required. 

What  is  the  fquare  root  of  16007.3104? 

Anfwer  126.52. 

What  is  the  fquare  root  of  248.17320826? 
Anfwer  18.6594. 

What  is  the  fquare  root  of  12345678987654321  ? 
Anfwer  111111111. 

The  application  of  this  will  hereafter  be  fhewn. 
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DEFINITIONS. 

Plate  I. 

GEOMETRY  is  that  fcience  wherein  we 
confider  the  properties  of  magnitude. 

A  point  is  that  which  has  no  parts,  being  of 
itfelf  indivifible,  as  A. 

.‘J  Jg.  A;* 

3.  A  line  has  length  but  no  breadth,  as  AB.  fi¬ 
gures  1  and  2. 

4.  The  extremities  of  a  line  are  points,  as  the 
extremities  of  the  line  AB  are  the  points  A  and  B. 
figures  1  and  2. 

5.  A  right  line  is  the  fhortefi:  that  can  be  drawn 
between  any  two  points,  as  the  line  AB.  fig.  7, 
but  if  it  be  not  the  fhortefi,  it  is  then  called  a 
curve  line,  as  AB.  fig*  2.  ' 

6.  A 
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6.  A  fuperficies  or  furface  is  confidered  only  as 
having  length  and  breadth,  without  thicknefs,  as 
ABCD.  fig.  3. 

7.  The  extremities  of  a  fuperficies  are  lines. 

/ 

8.  The  inclination  of  two  lines  meeting  one 
another  (provided  they  do  not  make  one  continued 
line)  or  the  opening  between  them,  is  called  an 
angle.  Thus  fig.  4.  the  inclination  of  the  line  AB 
to  the  line  BC  meeting  each  other  in  the  point  B, 
or  the  opening  of  the  two  lines  BA  and  BC,  is 
called  an  angle,  as  ABC. 

Note,  When  an  angle  is  expreffed  by  three  let¬ 
ters,  the  middle  one  is  that  at  the  angular 
point. 

10.  When  the  lines  that  form  the  angle  are 
right  ones,  it  is  then  called  a  right-lined  angle,  as 
ABC.  fig.  4.  If  one  of  them  be  right  and  the 
other  curved,  it  is  called  a  mlSj|Langle,  as  B,  fig. 
5,  If  both  of  them  be  curved  rt  is  called  a  curved- 
lined  or  a  fpherical  angle,  as  Q,  %.  6. 

11.  If  a  right  line,  CD  (fig.7)  Bill  upon  ano¬ 
ther  right  line,  AB,  fo  as  to  incline  to  neither 

cj  11 

fide,  but  make  the  angles  ADC,  CDB  on  each 
lide  equal  to  each  other,  then  thofe  angles  are 
called  right  angles,  and  the  line  CD  a  perpen¬ 
dicular. 

12.  An  obtufe  angle  is  that  which  is  wider  or 
greater  than  a  right  one,  as  the  angle  ADE.  fig. 
7.  and  an  acute  angle  is  lefs  than  a  right  one,  as 
EDB.  fig.  7. 

13.  Acute 
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13.  Acute  and  obtufe  angles  in  general  are  called 


oblique  angles. 


14.  If  a  right  line  CB.  (fig.  8.)  be  faffened  at 
the  end  C,  and  the  other  end  B,  be  carried  quite 
round,  then  the  fpace  comprehended  is  called  a 
circle ;  and  %the  curve  line  defcribed  by  the  point 
B,  is  called  the  circumference  or  the  periphery  of  the 
circle  ;  the  fixed  point  C  is  called  its  center. 

15.  The  defcribing  line  CB.  (fig.  8.)  is  called 
the  femidiameter  or  radius,  or  any  line  from  the 
center  to  the  circumference :  whence  all  radii  of 
the  fame  or  of  equal  circles  are  equal. 

16.  The  diameter  of  a  circle  is  a  right  line  drawn 
thro’  the  center,  and  terminating  on  either  fide  of 
the  circumference ;  and  it  divides  the  circle  and 
circumference  into  two  equal  parts  called  femicir- 
cles  y  and  is  double  the  radius,  as  AB  or  DE.  fig.  8. 

•  '  if  .. 

18.  The  circumference  of  every  circle  is  fup- 
pofed  to  be  divided  into  360  equal  parts  called- 
degrees,  and  each  degree  into  60  equal  parts  call¬ 
ed  minutes,  and  each  minute  into  60  equal  parts 
called  feconds,  ancf  thefe  into  thirds,  fourths,  &c. 
thefe  parts  being  greater  or  lefs  as  the  radius  is. 

IK  19.  A  chord  is  a  right  line  drawn  from  one  end 
of  an  arc  or  arch  (that  is,  any  part  of  the  circum¬ 
ference  of  a  circle)  to  the  other ;  and  is  the  meafure 
of  the  arc.  Thus  the  right  line  HG,  is  the  mea¬ 
fure  of  the  arc  HBG.  fig.  8.  ^ 

20.  The  fegment  of  a  circle  is  any  part  there¬ 
of,  which  is  cut  off  by  a  chord  :  thus  the  fpace 


I) 


chord  HG 

and 
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and  the  arc  HBG,  or  that  which  is  comprehend¬ 
ed  between  the  faid  chord  HG  and  the  arc 
HDAEG  are  called  fegments.  Whence  his  plain, 
fig.  8. 

i.  That  any  chord  will  divide  the  circle  into 
two  fegments. 

*  2.  The  lefs  the  chord  is,  the  more  unequal  are 

the  fegments. 

3.  When  the  chord  is  greateft  it  becomes  a  di¬ 
ameter,  and  then  the  fegments  are  equal ;  and  each 
fegment  is  a  femicircle. 

21.  A  fedor  of  a  circle  is  a  part  thereof  lefs  than 
a  femicircle,  which  is  contained  between  two  ra¬ 
dii  and  an  arc :  thus  the  fpace  contained  between 
the  two  radii  CPI,  CB,  and  the  arc  HB  is  a  fee- 
tor.  Fig.  8. 

"  '•  ‘ -  V'  ry  '  ' 

^  22.  The  right  fine  of  an  arc,  is  a  perpendicular 

line  let  fall  from  one  end  thereof,  to  a  diameter 
drawn  to  the  other  end :  thus  HE  is  the  right 
fine  of  the  arc  PIB.  *  0 

The  fines  on  the  fame  diameter  increafe  till 
they  come  to  the  center,  and  fo  become  the  ra¬ 
dius  :  hence  it  is  plain  that  the  radius  CD  is  the 
greateft  poflible  fme..  and  thence  is  called  the  whole 
fine. 

Since  the  whole  fine  CD  (fig.  8.)  muft  be  per- 
"  pendicular  to  the  diameter  (by  def.  22.)  therefore 
producing  DC  to  E  the  two  diameters  AB  and  DE 
crois  one  another  at  right  angles,  and  thus  the 

periphery 
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periphery  is  divided  into  four  equal  parts,  as  BD, 
DA,  AE,  and  EB ;  (by  def,  n.)  and  io  BD  be¬ 
comes  a  quadrant  or  the  fourth  part  of  the  peri¬ 
phery  :  therefore  the  radius  DC  is  always  the 
fine  of  a  quadrant,  or  of  the  fourth  part  of  the 
circle  BD. 


Sines  are  faid  to  be  of  as  many  degrees  as  the 
arc  contains  parts  of  360 :  fo  the  radius  being 
the  fme  of  a  quadrant  becomes  the  fine  of  90 
degrees,  or  the  fourth  part  of  the  circle,  which  is 
360  degrees. 

^  23.  The  verfed  fine  of  an  arc  is  that  part  of 
the  diameter  that  lies  between  the  right  fme  and 
the  circumference:  thus  LB  is  the  verfed  fine  of 
the  arc  HB.  fig.  8.  . 

V  , 

'24.  The  tangent  of  an  arc  is  a  right  line  touch¬ 
ing  the  periphery,  being  perpendicular  to  the  end 
of  the  diameter,  and  is  terminated  by  a  line  drawn 
from  ^btecenter  thro’  the  other  end  :  thus  BK  is 


the  tangent <pf  the  arc  HB.  fig,  8. 


*- 


r  25.  And  the  line  which  terminates  the  tan¬ 
gent,  that  is,  CK,  is  called  the  fecant  of  the  arc 
HB.  fig.  8.  ,  , 

2(3?  What  an  arc  wants  of  a  quadrant  is  call¬ 
ed  the  complement  thereof :  thus  DH  is  the  com¬ 
plement  of  the  arc  HB.  ^ 

(f  27.  And  what  an  arc  wants  of  a  femicircle  is 
called  the  fuppiement  thereof :  thus  AH  is  the 
fupplemenf  of  the  arc  HB.  fig.  8.  , 

^  28.  The 
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^  28.  The  fine,  tangent,  or  fecant  of  the  com¬ 
plement  of  any  arc,  is  called  the  co-fine,  co-tan¬ 
gent,  or  co-fecant  of  the  arc  itfelf:  thus  FH  is  the 
fine,  DI  the  tangent,  and  Cl  the  fecant  of  the 
arc  DH ;  or  they  are  the  co-fine,  co* tangent,  or 
co-fecant  of  the  arc  HB.  fig.  8.  ^ 

29.  The  fine  of  the  fupplement  of  an  arc,  is 
the  fame  with  the  fine  of  the  arc  itfelf ;  for  draw¬ 
ing  them  according  to  def.  22,  there  refults  the 
felf  fame  line ;  thus  HL  is  the  fine  of  the  arc 
HB,  or  of  its  fupplement  ADH.  fig.  8. 

30  The  meafure  of  a  right-lined  angle,  is  the 
arc  of  a  circle  fwTept  from  the  angular  point,  and 
contained  between  the  two  lines  that  form  the 
angle  :  thus  th^^gle  HCB  (fig.  8.)  is  meafure  - 
ed  by  the  arc  and  is  faid  to  contain  fo  many 

degrees  as  the  arc  HB  does ;  fo  if  the  arc  HB 
is  60  degrees,  the  angle  HCB  is  an  angle  of  60 
degrees. 

Hence  angles  are  greater  or  lefs  according  as  the 
arc  defcrihed  about  the  angular  point,  and  termi-  , 
nated  by  the  two  legs,  contain  a  greater  or  lefs 
number  of  degrees  of  the  whole  circle. 

31.  The  fine,  tangent,  and  fecant  of  an  arc, 
is  alfo  the  fine,  tangent,  and  fecant  of  an  angle 
whofe  meafure  the  arc  is  y  thus  becaufe  the  arc 
HB  is  the  meafure  of  the  angle  HCB,  and  fmce 
FIL  is  the  fine,  BK  the  tangent,  and  CK  the  ^ 
fecant,  BL  the  verfed  fine,  HF  the  co-fine,  1)1 
the  co-tangent,  and  Cl  the  co-fecant,  &c.  of  the 
arc.  BH ;  them  HL  is  called  the  fipe,  BK  the 

tangent. 
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tangent,  CK  the  fecant,  &c.  of  the  angle  HCB. 
whofe  meafure  is  the  arc  HB.  fig.  8. 

32.  Parallel  lines  are  fuch  as  are  equidiftant 
from  each  other,  as  AB,  CD.  fig.  9. 

33.  A  figure  is  a  fpace  bounded  by  a  line  or 
lines.  If  the  lines  be  right  it  is  called  a  recti¬ 
lineal  figure,  if  curved  it  is  called  a  curvilineai 
figure  ;  but  if  they  be  partly  right  and  partly  cur¬ 
ved  lines,  it  is  called  a  mixt  figure. 

34.  The  mofl  fimple  redilineai  figure  is  a  trian¬ 
gle,  being  compofed  of  three  right  lines,  and  is 
confidered  in  a  double  capacity  ;  iff,  with  relpecc 
to  its  Tides  ;  and  2d,  to  its  angles. 

35.  In  refped  to  its  fides  it  H^ei tlier  equilateral, 
having  the  three  Tides  equal,  as  A.  fig.  10. 

36.  Or  ifofceles,  having  two  equal  Tides,  as  B. 

fig.  11. 

t 

37.  Or  fcalene,  havftig  the  three  fides  unequal, 

as  C.  fig.  12.  ) 

38.  In  refped  to  its  angles,  it  is  either  %ight- 
angled,  having  one  right  angle,  as  D.  fig.  13. 

39.  Or  obtufe  angled,  having  one  obtufe  angle, 
as  E.  fig.  14. 

40.  Or  acute  angled,  having  all  the  angles  acute, 
as  F.  fig.  1 5, 


j.t.  Acute 
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41.  Acute  and  obtufe  angled  triangles  are  in 
general  called  oblique  angled  triangles,  in  all  which 
any  fide  may  be  called  the  bale,  and  the  other  two 
the  Tides. 


42.  The  perpendicular  height  of  a  triangle  is 
a  line  drawn  from  the  vertex  to  the  bale  perpen¬ 
dicularly  :  thus  if  the  triangle  ABC,  be  propo- 
fed,  and  BC  be  made  its  bafe,  then  if  from  the 
vertex  A  the  perpendicular  AD  be  drawn  to  BC, 
the  line  AD  will  be  the  height  of  the  triangle 
ABC,  handing  on  BC  as  its  bafe.  Fig.  16. 

Hence  all  triangles  between  the  fame  parallels 
have  the  fame  height,  fnce  all  the  perpendiculars 
are  equal  from  the  nature  of  parallels. 


43.  Any  fgu$$$f  four  Tides  is  called  a  quadri- 

'£  ' 


lateral  figure. 


44.  Quadrilateral  figures  ‘whofe  oppofite  Tides 
are  parallel,  are  called  '{farailelograms :  thus 
ABCD  is  a  parallelogram.  Fig.  3.  17.  and  AB. 
fig.  18.  and  19. 

45.  A  parallelogram  whofe  Tides  are  all  equal 
and  angles  right,  is  called  a  fquare,  ,as  ABCD.' 

H-  *7-° 


46.  A  parallelogram  whofe  oppofite  fides  are 
equal  and  angles  right,  is  called  a  redangle  or  an 
oblong,  as  ABCD.  fig.  3. 


47.  VA  rhombus  is  a  parallelogram  of  equal  fides, 
and  has  its  angles  oblique,  as  A.  fig.  18.  and  is 
an  inclined  fquare. 

i. 


48.  A 
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48.  A  rhomboides  is  a  parallelogram  whole  op- 
pofite  fides  are  equal  and  angles  oblique ;  as  B. 
fig.  19.  and  may  be  conceived  as  an  inclined  red- 

angle. 

49.  Any  quadrilateral  figure  that  is  not  a  paral¬ 
lelogram,  is  called  a  trapezium.  Plate  7.  fig.  3. 

50.  Figures  which  confifl  of  more  than  four 
fides  are  called  polygons  ;  if  the  fides  are  all  equal 
to  each  other,  they  are  called  regular  polygons. 
They  fometimes  are  named  from  the  number  of 
their  fides,  as  a  .five-fided  figure  is  called  a  penta¬ 
gon,  one  of  fix  fides  tis  hexagon,  &c.  but  if  their 
fides  are  not  equal  to  each  other,  then  they  are 
called  irregular  polygons,  as  an  irregular  pentagon, 
hexagon,  &c. 

51.  Four  quantities  are  faid  to  be  in  proportion 
when  the  product  of  the  extremes  is  equal  to  that 
of  the  means :  thus  if  A  multiplied  by  D,  be  equal 
to  B  multiplied  by  C,  then  A  is  faid  to  be  to  B  as 
C  is  to  D. 


POSTULATES  or  PETITIONS. 

1 .  1  hat  a  right  line  may  be  drawn  from  any  one 
given  point  to  another. 

2.  That  a  right  line  may  be  produced  or  con¬ 
tinued  at  pleafure. 


3*  Fha't  from  any  center  and  with  any  radius, 
the  circumference  of  a  circle  may  be  deferibed. 

4*  it  is  alfo  required  that  the  equality  of  lines 
and  angles  to  others  given,  be  granted  as  poffible : 

that 
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that  it  is  poffible  for  one  right  line  to  be  per¬ 
pendicular  to  another,  at  a  given  point  or  diftanc^  \ 
and  that  every  magnitude  has  its  hair,  third,  fourth, 

&c.  part. 

•  \  • 

Note,  Though  thefe  poftulates  are  not  always 
quoted,  the  reader  will  eafily  perceive  where,  and 
in  what  feme  they  are  to  be  underltood. 

AXIOMS  or  felf-evident  TRUTHS. 

1.  Things  that  are  equal  to  one  and  the  fame 
tiling,  are  equal  to  each  other. 

9 

2.  Every  whole  is  greater  than  its  part. 

Every  whole  is  equal  to  all  its  parts  taken 
together. 

4.  If  to  equal  things,  equal  things  be  added, 
the  wholes  will  be  equal. 

5.  If  from  equal  things,  equal  things  be  deduct¬ 
ed,  the  remainders  will  be  equal. 

rw* 

6.  If  to  or  from  unequal  things,  equal  things  be 
added  or  taken,  the  lums  or  remainders  will  be 
unequal. 

7.  All  right  angles  are  equal  to  one  another. 

8.  If  two  right  lines  not  parallel,  be  produced 
towards  their  nearell  diftance,  they  will  interleC: 
each  other. 


9.  Things  which  mutually  agree  with  each  other, 
are  equal. 

NOTES. 
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NOTES. 

A  theorem  is  a  proportion,  wherein  fomething 
is  propofed  to  be  demonftrated. 

A  problem  is  a  proportion,  wherein  fomethiilg 
is  to  be  done  or  effected. 

A  lemma  is  fome  demonftration,  previous  and 
neceffary,  to  render  what  follows  T&fc  more  eafy. 

A  corollary  is  a  confequent  truth,  deduced  from 
a  foregoing  demonftration. 

f 

A  fcholium,  is  a  remark  or  obfervation  made  up¬ 
on  fomething  going  before. 

The  Signification  of  S  I  G  N  S. 

The  fign  =,  denotes  the  quantities  between 
which  it  (lands  to  be  equal. 

The  fign  +,  denotes  the  quantity  it  precedes  to 
be  added. 

The  %n  — ,  denotes  the  quantity  which  it  pre¬ 
cedes  to  be  fubtradled. 

r 

The  fign  x?  denotes  the  quantities  between  them 
to  be  multiplied  into  each  other. 

To  denote  that  four  quantities,  A,  B,  C,  D, 
are  proportional,  they,  are  ufually  written  thus, 
A :  B  : :  C  :  D  ;  and  read  thus,  as  A  is  to  B,  fo  is  C 
to  D  ;  but  when  three  quantities  A,  B,  C,  are  pro¬ 
portional,  the  middle  quantity  is  repeated,  and  they 
are  written  A  :  B  : :  B  :  C. 

E 
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Plate  L 

I  F  a  right  line  falls  on  another ,  £  A?, 

does  on  CD>  (A-  20. )  it  either  makes  with  it 
two  right  angles ,  or  two  angles  equal  to  two  right 
angles . 

i.  If  AB  be  perpendicular  to  CD,  then  (by  def. 
l  i.)  the  angles  CdA,  and  ABD,  will  be  each  a 
right  angle. 

2.  But  if  EB  fall  flantwife  on  CD,  then  are  the 
angles  DEE  4-  EBC—D3E  +  EBA  (=DBA)  + 
ABC,  or  to  two  right  angles.  Ch  E.  D. 

Corollary  i.  Whence  if  any  number  of  right 
lines  were  drawn  from  one  point,  on  the  fame 
flue  of  a  righr  line  ;  all  the  angles  made  by  thefe 
lines  will  be  equal  to  two  right  angles. 

And  all  the  angles  which  can  be  made  about 
a  point,  will  be  equal  to  four  right  angles. 
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T  H  E  0.  II. 

•v 

Plate  I. 

If  one  right  line  crofs  another ,  (as  AC  does  BD ) 
the  oppofite  angles  ?nade  by  thofe  lines ,  will  be  equal  to 
each  other :  that  is  AEB  to  CED  and  BEC  to  AED* 
h •  21. 

By  theorem  1.  BEG  +  CED  =  2  right  angles* 
and  CED  +  DEA  =  2  right  angles. 

Therefore  (by  axiom  1.)  BEC  +  CED  =  CED  + 
DEA :  take  CED  from  both,  and  there  remains 
BEC  —  DEA.  (by  axiom  5.)  Ch  E.  D. 

After  the  fame  manner  CED  4-  AED  =  2  right 
angles  ;  and  AED  T  AEB  =  2  right  angles  ;  where¬ 
fore  taking  AED  from  both,  there  remains  CED 
=AEB.  E.  D. 

T  H  E  0.  III. 

If  a  right  line  crofs  two  parallels ,  as  GH  does 
AB  and  CD,  (fig,  22 ,)  then , 

1.  Their  external  angles  are  equal  to  each  other % 
that  is  GE3  =  CFH. 

2.  The  alternate  angles  will  be  equal ,  that  is  AEF 
=  EFD  and  BEF  =  CFE. 

3.  The  external  angle  will  be  equal  to  the  internal 
and  oppofite  one  on  the  fame  fide ,  that  is  GEB  =  EFD 
and  AEG  =^CFE, 


4.  Anti 
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4.  And  thefum  pf  the  internal  angles  on  the  fame 
fide ,  are  equal  to  two  right  angles  ;  that  is,  BFF  -f 
DFE  are  equal  to  two  right  angles,  and  AEF  +  CFE 
are  equal  to  two  right  angles . 

1.  Since  AB  is  parallel  to  CD,  they  may  be  con- 
fidered  as  one  broad  line,  eroded  by  another  line, 
as  GH  ;  (then  by  the  laft  theo.)  GEB  =  CFH,  and 
AEG  =  HFD.  : 


2.  Alfo  GEB  =  AEF,  and  CFH  =  EFD;  but 
GEB  =  CFH  (by  part  1.  of  this  theo.)  therefore 
AEF  =  EFD.  The  fame  way  we  prove  FEB  = 
EFC. 


3.  AEF  =  EFD ;  (by  the  laft  part  of  this  theo.) 
but  AEF  —  GEB  (by  theo.  2.)  Therefore  GEB  — 
EFD.  The  fame  way  we  prove  AEG  ===  CFE. 

4.  For  fince  GEB  =  EFD,  to  both  add  FEB, 
then  (by  axiom  4.)  GEB  +  FEB  =  EFD  +  FEB,  but 
GEB  +  FEB,  are  equal  to  two  right  angles  (by 
theo.  1.)  Therefore  EFD  +  FEB  are  equal  to 
two  right  angles:  after  the  fame  manner  we  prove 
that  AEF  +  CFE  are  equal  to  2  right  angles, 
Q.  E.  D. 


THEO .  IV. 


S'.\ 

lit 


In  any  triangle  ABC ,  one  of  its  legs ,  as  BC ,  being 
produced  towards  Z),  it  will  make  the  external  angle 
ACD  equal  to  the  two  internal  eppofite  angles  taken 
together .  Viz .  to  B  and  A  fig.  23. 

Thro? 
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Thro’  C,  let  CE  be  drawn  parallel  to  AB ;  then 
fince  BD  cuts  the  two  parallel  lines  BA,  CE  ;  the 
angle  ECD  =  B,  (by  part  3,  of  the  laft  ^  theo.) 
and  again,  fince  AC  cuts  the  fame  parallels,  the 
angle  ACE===A  (by  part  2.  of  the  lafl:.)  I  here- 
fore  ECD  A  ACE  ===  ACD  A.  E.  D. 


T  H  E  0 .  V. 

In  any  triangle  ABC,  all  the  three  angles  taken 
together  are  equal  to  twp  right  angles ,  viz.  A  A  B  A 
ACB  —  2  right  angles .  Fig.  23. 

Produce  BC  to  any  diftance,  as  D,  then  (by  the 
laft)  ACD  ==  BAA  ;  to  both  add  ACB  ;  then  ACD 
A  ACB  =  A  A  B  A  ACB  :  but  ACD  A  ACB  =  2 
right  angles  (by  theo.  1.)  ;  therefore  the  three  an¬ 
gles  A  A  B  A  ACB  =  2  right  angles.  CX  E.  D. 

Cor.  1.  Hence  if  one  angle  of  a  triangle  be 
known,  the  fum  of  the  other  two  is  alfo  known : 
for  fince  the  three  angles  of  every  triangle  con¬ 
tain  two  right  ones,  or  180  degrees,  therefore  180 
-—the  given  angle  will  be  equal  to  the  fum  of  the 
other  two;  or  180 — the  fum  of  two  given  angles, 
gives  the  other  one. 

Cor.  2.  In  every  right-angled  triangle,  the  two 
acute  angles  are  ?==  90  degrees,  or  to  one  right  an¬ 
gle  :  therefore  90  — one  acute  angle,  gives  the 
other. 


THEO , 
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T  H  E  0.  VI. 

if  in  any  two  triangles ,  ABC ,  DEE,  there  he  tw$ 
fides  AB ,  A7C  in  the  one ,  fever  ally  equal  to  DE ,  DE 
i/2  the  other ,  and  the  angle  A  contained  between  the 
two  fides  in  the  one ,  ^2/^2/  to  D  in  the  other ;  then 
the  remaining  angles  of  the  one,  will  be  feverally  equal 
to  thofe  of  the  other ,  m.  B  =  E  and  C  —  F :  and 
the  bafe  of  the  one  BC ,  w/V/  be  equal  to  EE,  that  of  the 
other .  i'/g.  24. 


If  the  triangle  ABC  be  fuppofed  to  be  laid  on 
the  triangle  DEE,  io  as  to  make  the  points  A 
and  B  coincide  with  I)  and  E,  wnich  they  will  do, 
becaufe  AB  =  DE  (by  the  hypothecs) ;  and  fince 
.the  angle  A  =  D,  the  line  AC  will  fall  along  DF, 
and  inafmuch  as  they  are  fuppofed  equal,  C  will 
fall  in  F ;  feeing  therefore  the  three  points  of  one 
coincide  with  thofe  of  the  other  triangle,  they  are 
itianifeftiy  equal  to  each  other  ;  therefore  the  angle 

B  =  E  and  C  ==®  F,  and  BC  =  EF.  CL  E.  D. 

* 

L  E  M  M  A. 


v  If  two  fides  of  a  triangle  ah  c  be  equal  to  each  other , 
that  is  ac  =  cb  ;  the  angles  which  arc  oppofiie  to  thofe 
equal  fides,  will  alfo  be  equal  to  each  other  ;  viz.  a  =  b. 
jig.  11. 


For  let  the  triangle  abc  be  divided  into  twro 
iriciiK'les  a  c  d,  d  c  b,  by  making  the  angle  a  c  d  — 
deb  (by  populate  4.)  then  becaufe  a  c  ~  b  c,  and 
c  d  common,  (by  the  lafl)  the  triangle  a  d  c  =  d  c  b  ; 
and  therefore  the  angle  a  =  b.  CL  E.  D. 

Cor, 
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Cor.  Hence  if  from  any  point  in  a  perpendi¬ 
cular  which  bifedls  a  given  line,  there  be  drawn 
right  lines  to  the  extremities  of  the  given  one, 
they  with  it  will  form  an  ifofceles  triangle. 

T  H  E  0.  VII. 

The  angle  BCD  at  the  center  of  a  circle  ABED , 
is  double  the  angle  BAD  at  the  circumference ,  fund¬ 
ing  upon  the  fame  arc  BED.  fig .  25. 


Through  the  point  A,  and  the  center  C,  draw 
the  line  ACE  :  then  the  angle  ECD  =  CAD  ~f 
CDA  ;  (by  theo.  4.)  but  hnce  AC  =  CD  being 
radii  of  the  fame  circle,  it  is  plain  (by  the  pre¬ 
ceding  lemma)  that  the  angles  llibtended  by  them 
will  be  alfo  equal,  and  that  their  fum  is  double  to 
either  of  them,  that  is,  DAC  +  ADC  is  double  to 
CAD,  and  therefore  ECD  is  double  to  CAD  ;  af¬ 
ter  the  fame  manner  BCE  is  double  to  CAB, 
wherefore,  BCE  +  ECD,  or  BCD  is  double  to 
BAG  4-  CAD  or  to  BAD.  Q.  E.  D.  • 


Cor.  i . 
meafured 


Hence  an  angle  at  the  circumference 
by  half  the  arc  it  fubtends  or  Hands  on. 


Cor.  2.  Hence  all  angles  at  the  circumference 
of  a  circle  which  Hand  on  the  fame  chord  as  AB, 
are  equal  to  each  other,  for  they  are  all  meafured 
by  half  the  arc  they  Hand  on,  viz.  by  half  the 
arc  AB.  %.  26, 


Cor. 
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Cor.  3.  Hence  an  angle  in  a  fegment  greater 
than  a  femicircle  is  lefs  than  a  right  angle ;  thus 
ADB  is  meafured  by  half  the  arc  AB,  but  as  the 
arc  AB  is  lefs  than  a  femicircle,  therefore  half 
the  arc  AB,  or  the  angle  ADB  is  lefs  than  half  a 
femicircle,  and  consequently  lefs  than  a  right  an¬ 
gle.  Fig.  26. 

Cor.  4.  Ah  angle  in  a  fegment  lefs  than  a  fe¬ 
micircle,  is  greater  than  a  right  angle,  for  fmce  the 
arc  AFC  is  greater  than  a  femicircle,  its  half, 
which  is  the  meafure  of  the  angle  ABC,  mull  be 
greater  than  half  a  femicircle,  that  is  greater  than 
a  right  angle.  Fig.  27. 

Cor.  5.  An  angle  in  a  femicircle  is  a  right  an¬ 
gle,  for  the  meafure  of  the  angle  ABB,  is  half 
of  a  femicircle  AED,  and  therefore  a  right  anglev 
Fig.  >28. 

T  H  E  0.  VIII. 

If  from  the  center  C  of  a  circle  ABE ,  there  he  lei 
fall  the  perpendicular  CD  cm  the  chord  AB ,  it  will 
hifecl  it  in  the  point  D .  fig.  29. 

Let  the  lines  CA  and  CB  be  drawn  from  the 
center  to  the  extremities  of  the  chord,  then  fince 
CA  =  C  ",  the  angle  CAB  —  CBA  (by  the  lem¬ 
ma.)  But  the  triangles  ADC,  BBC  are  right  an¬ 
gled  ones,  fmce  the  line  CD  is  a  perpendicular ; 
and  fo  the  angle  ACB  =  DCB  ;  (by  cor.  2.  theo. 
5.)  then  have  we  AC,  CB,  and  the  angle  ACB  in 
one  triangle;  feverally  equal  to  CB,  CB,  and  the 
angle  BCD  in  the  other  :  therefore  (by  theo.  6.) 
A  =  DB.  E.  D. 


So 
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Cor.  Hence  it  follows,  that  any  line  bife&ing 
a  chord  at  right  angles,  is  a  diameter;  for  a 
line  drawn  from  the  center  perpendicular  to  a 
chord,  bife&s  that  chord  at  right  angles  ;  there¬ 
fore,  converfely,  a  line  bife&ing  a  chord  at  right 
angles  muff  pafs  through  the  center,  and  confequent- 
ly  be  a  diameter. 


T  H  E  0.  IX. 


If  from  the  center  of  a  circle  ABE  there  he  drawn 
a  perpendicular  CD  on  the  chord  AB ,  and  produced 
till  it  meets  the  circle ,  in  F,  that  line  CF,  will  bifed 
the  arc  AB  in  the  point  F.  fig*  29. 

Let  the  lines  AE  and  BF  be  drawn,  then  in  the 
triangles  ADF,  BDF ;  AD  —  BD  (by  the  lad  ;) 
DF  is  common,  and  the  angle  ADF  =  BDF  being 
both  right,  for  CD  or  DF  is  a  perpendicular. 
Therefore  (by  theo.  6.)  AF  —  FB ;  but  in  the 
fame  circle,  equal  lines  are  chords  of  equal  arcs, 
fince  they  meafure  them  (by  def.  19.);  whence 
the  arc  AF  =  FB,  and  fo  AFB  is  bife&ed  in  F, 
by  the  line  CF. 

Cor.  Hence  the  line  of  an  arc  is  half  the 
chord  of  twice  that  arc.  For  AD  is  the  fine  of 
the  arc  AF,  (by  def.  22.)  AF  is  half  the  arc,  and 
AD  half  the  chord  AB  (by  theo.  8.)  therefore  the 
cor.  is  plain. 


F 
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In  any  triangle  ABD ,  the  half  of  each  fide  is  the 
fine  of  the  oppojite  angle.  Fig .  30. 

Let  the  circle  ADB  be  drawn  thro’  the  points 
A,  B,  D  ;  then  the  angle  DAB  is  meafured  by 
half  the  arc  BKD,  (by  cor.  i.  theo.  7.  )  viz.  the 
chord  of  BK  is  the  meafure  of  the  angle  BAD  ; 
therefore  (by  cor.  to  the  laft)  BE  the  half  of  BD 
is  the  fine  of  BAD:  the  fame  way  may  be  proved, 
that  half  of  AD  is  the  fine  of  ABD,  and  the  half 
of  AB  the  fine  of  ADB.  Ch  E.  D. 

THE  0.  XI. 

If  a  right  line  GH  cut  two  other  right  lines 
AB ,  CD ,  fo  as  to  make  the  alternate  angles  AEF , 
EFD  equal  to  each  other ,  then  the  lines  AB  and 
CD  will  be  parallel.  Fig.  22. 

If  it  be  denied  that  AB  is  parallel  to  CD,  let 
IK  be  parallel  to  it ;  then  IEF  =  (EFD)=  AEF  (by 
part  2.  theo.  3.)  a  greater  to  a  lefs,  which  is  ab- 
furd,  whence  IK  is  not  parallel ;  and  the  like  we 
can  prove  of  all  other  lines  but  AB  ;  therefore 
AB  is  parallel  to  CD.  (X  E.  D. 

THEO.  XII. 

• 

If  two  equal  and  parallel  lines  AB ,  CD,  be  joined 
by  two  other  lines  AD ,  DC,  thofe  Jhall  be  alfo  equal 
and  parallel.  Fig.  3. 


Let 
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Let  the  diameter  or  diagonal  BD  be  drawn,  and 
we  will  have  the  two  triangles  ABD,  CBD  ; 
whereof  AB  in  one  is  — to  CD  in  the  other,  DB 
common  to  both,  and  the  angle  ABD  =  CDB  (by 
part  2  theo.  3.)  ;  therefore  (by  theo.  6.)  AD—  CB, 

*  and  the  angle  C.iD  =  1  DB,  and  thence  the  lines 
AD  and  BC  are  parallel,  by  the  preceding  theorem. 

Cor.  1.  Hence  the  quadrilateral  figure  ABCD 
is  a  parallelogram,  and  the  diagonal  BD  bife&s 
the  fame,  inafmuch  as  the  triangle  ABD  ==  BDC, 
as  now  proved. 

Cor.  2.  Hence  alfo  the  triangle  ADB  on  the 
fame  bafe  AB,  and  between  the  fame  parallels  with 
the  parallelogram  ABCD,  is  half  the  parallelogram. 

Cor.  3.  It  is  hence  alfo  plain,  that  the  oppo- 
fite  Tides  of  a  parallelogram  are  equal ;  for  it  has 
been  proved  that  ABCD  being  a  parallelogram, 
AB  will  be  =  CD  and  AD  ==  BC. 

% 

THEO .  XIII. 

All  parallelograjns  on  the  fame  or  equal  bafes  and 
between  the  fame  parallels ,  are  equal  to  one  another , 
that  A,  if  BD  =  GH ,  and  the  lines  BH  and  AF paral¬ 
lel,  the?i  the  parallelogram  ABDC  =  BDFE  =  EFHG • 

Jig-  31- 

For  AC  =  DB  =  EF  (by  cor.  the  laft ;)  to  both 
add  CE,  then  AE  =  CF.  In  the  ^triangles  ABE, 
CDF;  AB  =  CD  and  AE  =  CF  and  the  angle 
BAE  ==  DCF  (by  part  3.  theo.  3.)  ;  therefore  the 
triangle  ABE  =  CDF.  ‘  (by  theo.  6.)  let  the 

triangle  CKE  be  taken  from  both,  and  we  will 

have 
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have  the  trapezium  ABKC  =  KDFE ;  to  each  or 
thefe  add  the  triangle  BKD,  then  the  parallelo¬ 
gram  A  BCD  =  BDEF;  in  like  manner  we  may 
prove  the  parallelogram  EFGH = BDEK  Where¬ 
fore  ABDC  =  BDEF  =  EFHG.  E.  D. 

/ 

Cor.  Hence  it  is  plain  that  triangles  on  ,  the 
fame  or  equal  bafes,  and  between  the  fame  paral¬ 
lels,  are  equal,  feeing  (by  cor.  2.  theo.  12.)  they 
are  the  halves  of  their  refpedtive  parallelograms. 


,  THEO .  XIV. 

In  every  right-angled  triangle ,  ABC,  the  fquare  of 
the  hypothe  nufe  or  longejl  fide ,  BC ,  or  BCMH ,  is 
equal  to  the  fum  of  the  fquare s  made  on  the  other  two 
fdes  AB  and  AC ,  that  is,  to  ABDE  and  ACGE \ 

(fig*  32-J 

Through  A  draw  AKL  perpendicular  to  the 
hypothenufe  BC,  join  AH,  AM,  DC  and 
EG;  in  the  triangles  BDC,  ABH,  BD— BA, 
being  hdes  of  the  fame  fquare,  and  alfo 
BC  —  BH,  and  the  included  angle  DBC  =  ABH, 
(for  DBA—CBH  being  both  right,  to  both  add 
ABC,  then  DBC— ABH)  therefore  the  triangle 
DSC *=  ABH  (by  theo.  6.)  but  the  triangle  DBC 
is  half  of  the  fquare  ARD£  (by  cor.  2.  theo.  12.) 
and  the  triangle  ABH  is  half  the  parallelogram 
BKLH  (by  the  fame ;)  therefore  half  the  fquare 
ABDE  is  equal  to  half  the  parallelogram  BKLH, 
and  the  fquare  ABDE  equal  to  the  parallelogram 
BKLH.  The  fame  way  it  may  be  proved,  that 
the  fquare  ACGF,  is  equal  to  the  parallelogram 
KCLM.  So  ABDE  +  ACGF  the  fum  of  the 
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fquares,  =  BKLH  +  KCML,  the  fum  of  the  two 
>  parallelograms  or  fquare  BCMH ;  therefoie  the 
fum  of  the  fquares  on  AB  and  AC  is  equal  to  the 

fquare  on  BC.  E.  D. 

-  Cor.  i.  Hence  the  hypothenufe  of  a  right- 
angled  triangle  may  be  found  by  having  the  legs  ; 
thus,  the  fquare  root  of  the  fum  of  the  fquares 
of  the  bafe  and  perpendicular,  will  be  the  hypo¬ 
thenufe. 

Cor.  2.  Having  the  hypothenufe  and  one  leg 
given  to  find  the  other.;  the  fquare  root  of  the 
difference  of  the  fquares  of  the  hypothenufe  and 
given  leg,  will  be  the  required  leg. 

THE  0.  XV. 

In  all  circles  the  chord  of  6o  degrees  is  always 
equal  in  length  to  the  radius. 

Thus  in  the  circle  AEBD ,  if  the  arc  A  Eh  be  an 
arc  of  6o  degrees ,  and  the  chord  AB  be  drawn , 

*  then  AB  —  CB  —  AC.  (fig.  33 J 

In  the  triangle  ABC,  the  angle  ACR  is  6o  de¬ 
grees,  being  meafured  by  the  arc  A  Eh  ;  tnerefore 
the  fum  of  the  other  two  angles  is  120  degiees 
(by  cor.  1.  theo.  5.)  but  frnce  AC  =  Cd,  the  an¬ 
gle  CAB  =  CRA  (by  lemma  preceding  theo.  7.) 
confequently  each  of  them  will  be  60,  the  half  o*. 
120  degrees,  and  the  three  angles  will  be  equal  to 
one  another,  as  well  as  the  three  tides:  wherefore 
AB  =  BC  =  AC.  CX  E.  D. 


Cor. 
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Cor.  Hence  the  radils,  from  whence  the  lines 
on  any  fcale  are  farmed,  is  the  chord  of  60  de¬ 


grees  on  the  line  *  chords. 


T  H  E  0.  XVI. 


If  in  two  triangles  ABC,  abc ,  all  the  angles  of 
one ,  be  each  r effectively  equal  to  all  the  angles  of  the 
other ,  that  is ,  A  —  a,  B  —  b,  C  —  c 
oppofite  to  the  equal  angles  will  be  proportional ,  viz 

AB  :  ab  :  :  AC  :  ac  Fig .  34. 


then  the  legs 


AB 
and  AC 


ab 

ac 


BC 

BC 


be 

be 


For  the  triangles  being  inferibed  in  two  circles, 
it  is  plain  fmee  the  angle  A  —a,  the  arc  BDC  — 
b  d  c,  and  confequently  the  chord  BC  is  to  b  c,  as 
the  radius  of  the  circle  ABC  is  to  the  radius  of 
the  circle  abc;  (for  the  greater  the  radius  is,  the 
greater  is  the  circle  deferibed  by  that  radius  ;  and 
confequently  the  greater  any  particular  arc  of  that 
circle  is,  fo  the  chord,  fine,  tangent,  &c.  of 
that  arc  will  be  alfo.  greater.  Therefore,  in  gene¬ 
ral,  the  chord,  fme,  tangent,  &c.  of  any  arc 
is  proportional  to  the  radius  of  the  circle ;)  the 
fame  way  the  chord  AB  is  to  the  chord  ab,  in 
the  fame  proportion.  So  AB  :  ab  :  :  BC  :  be  ;  the 
fame  way  the  reft  may  be  proved  to  be  propor¬ 
tional. 


T  H  E  0.  XVIL 


If  from  a  point  A  without  a  circle  DBCE  there 
be  drawn  two  lines  ADE,  ABC ,  each  of  them  cut¬ 
ting  the  circle .  Jm  two  points  ;  the  product  of  one 

whole 
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whole  line  into  its  external  part ,  viz,  AC  into  ABy 
will  be  equal  to  that  of  the  other  line  into  its  external 
part ,  viz .  AE  into  AD,  fig,  35. 

Let  the  lines  DC,  BE  be  drawn  in  the  two  tri¬ 
angles  ABa,  ADC ;  the  angle  AEB  =  ACD,  (by 
cor.  2.  theo.  7.)  the  angle  A  is  common,  gnd  (by 
cor.  1.  theo.  5.)  the  angle  ADC  =  ABE  ;  therefore 
the  triangles  ABE,  ADC,  ^re  mutually  equiangu¬ 
lar,  and  confequently,  (by  the  laft)  AC  :  AE  :  :  AD  : 
AB  ;  wherefore  AC  multiplied  by  AB,  will  be  equal 
to  AE  multiplied  by  AD.  Cfi  E.  D. 

THEO.  XVIII. 


Plate  II.  fig.  1. 

Triangles  ABCy  BCD ,  and  parallelograms  ABCFy 
and'  BDECy  having  the  fame  altitude ,  have  the  fame 
proportion  between  themf elves  as  their  bafes  A B  and  BD. 


Let  any  aliquot  part  of  AB  be  taken,  which  will 
alfo  meafure  BD:  fuppofe  that  to  be  Ag,  which 
will  be  contained  twice  in  AB,  and  three  times 
in  BD,  the  parts  Ag,  gB,  Bh,  hi,  and  iD  being 
all  equal,  and  let  the  lines  gC,  hC,  and  i  C,  be 
drawn:  then  (by  cor.  to  theo.  13.)  all  the  fmall 
triangles  AgC,  gCB,  RCh,  &c.  will  be  equal  to 
each  other  ;  and  will  be  as  many  as  the  parts  into 
which  their  bafes  were  divided :  therefore  it  will 
be  as  the  fuin  of  the  parts  in  one  bafe,  is  to  the 
fum  of  thofe  in  the  other,  fo  will  be  the  fum  of  the 
fmall  triangles  in  the  firft,  to  the  fum  of  the  fmall 
triangles  in  the  fecond  triangle  :  that  is,  AB  :  BD 
BDC. 


ABC  : 


Whence 
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Whence  alfo  the  parallelograms  ABCF  and 
BDEC,  being  (by  cor.  2.  theo.  12.)  the  doubles  of 
the  triangles,  are  likewife  as  their  bafes.  (X  E.  D. 

Note.  Wherever  there  are  feveral  quantities 
conne&ed  with  the  fign  :  :  the  conclufion  is  ah 
ways  drawn  from  the  ftrft  two  and  lalt  two  pro¬ 
portionals. 

THEO.  XIX. 

Triangles  ABC ,  DEF,  funding  upon  equal  bafes 
AB  and  DE ,  are  to  each  other  as  their  altitudes  CG 
and  FH.  fig .  2. 

Let  BI  be  perpendicular  to  AB  and  equal  to  CG, 
in  which  let  KB  =  fH,  and  let"  AI  and  AK.  be 
drawn. 

The  triangle  AIB  —  ACB  (by  cor.  to  theo.  13.) 
and  AKB  =  DEF  ;  but  (by  theo.  18.)  BI  :  BK  :  : 
ABI  :  ABK.  That  is,  CG  :  FH  :  :  ABC  :  DEF. 
CX  E.  D. 

THEO  XX. 

\ 

If  a  right  line  BE  be  drawn  parallel  to  one  fide 
of  a  triangle  ACD ,  it  will  cut  the  two  other  Jides 
proportionally ,  viz.  AB  :  BC  :  :  AE  :  ED.  fig  3. 

Draw  CE  and  BD  ;  the  triangles  BEC  and  EBD 
being  on  the  fame  bale  BE  and  under  the  fame  paral¬ 
lel  CD,  will  be  equal  (by  cor.  to  theo.  13.)  there¬ 
fore  (by  theo.  18.)  AB  :  BC  :  :  (BE A  :  BEC  or 
BEA  :  BED)  :  :  AE  :  ED.  (X  E.  D. 

Cor. 
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Cor.  1.  Hence  alfo  AC  :  AB  :  :  AD  :  AE  : 
For  AC  :  AB  :  :  (AEC  :  AEB  :  :  ABD  :  AEB) 
:  :  AD  :  AE. 

I 

Cor.  2.  It  alfo  appears  that  a  right  line,  which 
divides  two  Tides  of  a  triangle  proportionally,  mull 
be  parallel  to  the  remaining  Tide. 

Cor.  3.  Hence  alfo  theo.  x6.  is  manifefl ;  fmce 
the  Tides  of  the  triangles  ABE,  ACD,  being  equi¬ 
angular,  are  proportional. 

THEO .  XXL 

* 

If  two  triangles  ABC ,  ADE ,  have  one  angle  BAG ,  in 
0 ne,  equal  to  one  angle  DAE ,  in  the  other ,  and  the 
Jides  about  the  equal  angles ,  proportional ,  that  is ,  AB  : 
AD  :  :  AC  :  AE ,  then  the  triangles  will  be  mutually 
equiangular .  Fig.  4. 

In  AB  take  A  d  —  AD,  and  let  d  e  be  parallel  to 
BC,  meeting  AC  in  e. 

Becaufe  (by  the  firlt  cor.  to  the  foregoing  theo.) 
AB  :  Ad  :  :  (AD)  AC  :  Ae,  and  (by  the  hypo¬ 
thecs,  or  what  is  given  in  the  theorem)  AB  :  AD  : 
AC  :  AE  ;  therefor^  Ae  =  AE  feeing  AC  bears 
the  fame  proportion  to  each  ;  and  (by  theo.  6.) 
the  triangle  A  d  c  —  ADE,  therefore  the  angle 
Ade  =  D  and  Aed=E,  but  fmce  ed  and  BC  are 
parallel  (by  part  3.  theo.  3.)  Ade~  B,  and  Aed  =s 
C,  therefore  B  =  D  and  C  =  E.  E.  D. 


C 
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T  H  E  0.  XXII. 


Equiangular  triangles  ABC ,  DEF \  are  to  one  am* 
iher  in  a  duplicate  proportion  of  their  homologous 
or  like  ftdes  ;  or  as  the  fquares  AK ,  and  DM  of  their 
homologous  fades.  Fig.  5. 


Let  the  perpendiculars  CG  and  FH  be  drawn, 
as  well  as  the  diagonals  BI  and 


% 


The  perpendiculars  make  the  friingles  ACG 
and  DFFI  equiangular,  and  therefore  limilar  (by 
theo.  16.)  for  becaufe  the  angle  CAG  — FDFI 
and  the  right  angle  AGC  =  DHF,  the  remaining 
angle  ACG  =  DFH,  (by  cor.  2.  theo.  5.) 


Therefore  GC  :  FFI  :  :  (AC  :  DF  :  :)  AB  :  DE, 
or  which  is  the  fame  thing,  GC  :  AB  :  :  FH  :  DE, 
for  FFI  multiplied  by  AB  =  AB  multiplied  by  FH. 


By  theo.  19.  ABC  :  ABI  :  :  (CG  :  AI  or  AB 
as  before  :  :  FH  DE  or  DL  :  :)  DFE  :  DLE, 
therefore  ABC  :  ABI  :  :  DFE  :  DLE  or  ABC  : 
AK  :  :  DFE  :  DM,  for  AK  is  double  the  trian¬ 
gle  ABI,  and  DM  double  the  triangle  DEF,  by 
cor.  2.  theo.  12.  Ck  E.  D. 


THE  0.  XXIII. 

Like  polygons  ABODE ,  abede ,  arc  in  a  duplicate 
proportion  to  that  of  the  fdes  AB ,  ah ,  ,which  are  be¬ 
tween  the  equal  angles  A  and  A,  and  a  and  b ,  or  as 
the  fquares  of  the  fdes  AB ,  ab .  fg.  6. 

Draw  AD,  AC,  ad,  ac. 


By 
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By  the  hypothecs  AB  :  ab  :  :  BC  :  be,  and  there,- 
by  alfo  the  angle  B  =  b;  therefore  (by  theo.  21.) 
BAC  =  b  a  c  ;  and  ACB  =  a cb  ;  in  like  manner 
EAD  =  ead,  and  EDA  =  eda.  If  therefore  from 
the  equal  angles  A,  and  a,  we  take  the  equal  ones 
EAD-fBAC  =  ead4-bac  the  remaining  angle 
DAC  =  d  ac,  and  if  from  the  equal  angles  D  and  d, 
EDA  —  e d a  be  taken,  we  fhall  have  ADC  adc  : 
and  in  like  manner  if  from  C  and  c  be  Taken 
BC  A  =  b  c  a  we  fhall  have  A  CD  ==  a  c  d  ;  and  fo  the 
refpective  angles  in  every  triangle,  will  be  equal 
to  thofe  in  the  other. 


By  theo.  22 .  ABC  :  abc  :  :  the  fquare  of  AC  to 
the  fquare  of  ac,  and  alfo  ADC  :  adc  :  :  the  fquare 
of  AC, fquare  of  ac  ;  therefore  from  equa¬ 
lity  of  proportions  ABC  :  abc  :  :  n DC  :  adc,  in 
like  manner  we  may  drew  Amt  ADC :  adc  :  EAD  : 
c  a  d :  Therefore  it  will  be  as  one  antecedent  is 
to  one  confequent,  fo  are  all  the  antecedents  to 
all  the  confequents.  That  is,  ABC  :  a  b  c  as  the  fum 
of  the  three  triangles  in  the  firfl  polygon,  is  to 
the  fum  of  thofe  in  the  lad,  Or  ABC  will  be  to 
abc,  as  polygon  to  polygon.  . 


The  proportion  of  ABC  to  a  b  c  (by  the  forego¬ 
ing  theo.)  is  as  the  fquare  of  AB  is  to  the  fquare 
of  a  b,  but  the  proportion  of  polygon  to  polygon,  is 
asABC  to  abc,  as  now  fliewn  :  therefore  the  pro¬ 
portion  of  polygon  to  polygon  is  as  the  fquare  of 
Ap  to  the  fquare  of  ab. 


THEO , 
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T  H  E  0.  XXIV. 

Let  DHB  be  a  quadrant  of  a  circle  defcribed  by, 
the  radius  CB  ;  HB  an  arc  of  it ,  and  DH  its  com¬ 
plement  ;  ILL  or  FC  the  fine ,  FH  or  CL  its  co  fine  ; 
BK  its  tangent ,  DI  its  co-tangent ;  CK  its  fecant , 
and  Cl  its  co- fecant.  Fig.  8. 

1.  The  co-fme  of  an  arc  is  to  the  fine,  as  ra¬ 
dius  is  to  the  tangent. 

2.  Radius  is  to  the  tangent  of  an  arc,  as  the  co- 
fme  of  it  is  to  the  fine. 

3.  The  fine  of  an  arc  is  to  its  co-fine,  as  radius 
to  its  co-tangent. 

4.  Or  radius  is  to  the  co-tangent  of  an  arc,  as 
its  fine  to  its  co-fine. 

5.  The  co-tangent  of  an  arc  is  to  radius,  as  ra¬ 
dius  to  the  tangent. 

6.  The  co-fine  of  an  arc  is  to  radius,  as  radius 

is  to  the  fecant. 

* 

7.  The  fine  of  an  arc  is  to  radius,  as  the  tan¬ 
gent  is  to  the  fecant. 

The  triangles  CLH  and  CBK,  being  fimilar, 
(by  theo.  16.) 

1.  CL  :  LH  :  :  CB  :  BK. 

2.  Or,  CB  :  BK  :  :  CL  :  LH. 


The 
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The  triangles  CFH  and  GDI,  being  fimilar. 

3.  CF  (or  LH)  :  FH  :  :  CD  :  DI. 

4.  CD  :  DI  :  :  CF  (or  LH)  :  FH. 

The  triangles  GDI  and  CBK  are  fimilar ;  for 
the  angle  CIB  —  KCB,  being  alternate  ones  (by 
part  2.  theo.  3.)  the  lines  CB  and  DI  being  pa¬ 
rallel  :  the  angle  CDI  ==  CBK  being  both  right, 
and  confequently  the  angle  DCI  =  CKB,  where¬ 
fore, 

5.  DI  :  CD  :  :  CB  :  BK. 

And  again,  making  ufe  of  the  fimilar  triangles 
CLH  and  CBK, 

6.  CL  :  CB  :  :  CH  :  CK. 

7.  HL  :  CH  :  BK  :  CK, 


GEO- 
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rllH1 0  make  a  triangle  of  three  given  right  lines 
1  '  BO ,  LA,  LO,  of  which  any  two  mujl  be 
greater  than  the  third .  Fig.  7. 

* 

Lay  BL  from  B  to  L  ;  from  B  with  the  line  BO, 
defcribe  an  arc,  and  from  L  with  LO  defcribe  ano¬ 
ther  arc ;  from  O,  the  interfe&ion  point  of  thofe 
arcs,  draw  BO  and  OL,  and  BOL  is  the  triangle 
required. 

This  is  manifeft  from  the  conftruflion. 


PRO  B.  II. 

At  a  point  B  in  a  given  right  line  BC9to  make  an 
angle  equal  to  a  given  angle  A.  fg.  8. 

Draw  any  right  line  ED  to  form  a  triangle,  as 
EAD,  take  BF  =  AD,  and  upon  BF  make  the  tri¬ 
angle  BFG,  whofe  fide  BG  =  AE,  and  GF  =  ED 
(by  the  laft)  then  alfo  the  angle  B  ==  A ;  if  we 
fuppofe  one  triangle  be  laid  on  the  other,  the  Tides 
will  mutually  agree  with  each  other,  and  therefore 
be  equal ;  for  if  we  confider  thefe  two  triangles  are 
made  of  the  fame  given  three  lines,  they  are  ma- 
nirellly  one  and  the  lame  triangle. 

Otherwife, 


Upon 
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Upon  the  centers  A  and  B,  at  any  diftance,  let 
two  arcs,  DE,  FG,  be  defcribed  ;  make  the  arc 
FG  =  DE,  and  thro’  B  and  G  draw  the  line  BG, 
and  it  is  done. 

For  fince  the  chords  ED,  GF,  are  equal,  the 
angles  A  and  B  are  alio  equal,  as  before  fby 
def.  19,) 

F  R  G  B.  III. 

To  bifedl  or  divide  into  two  equal  parts ,  any  given 
right-lined  angle ,  BAC .  Jig.  9. 

In  the  lines  AB  and  AC,  from  the  point  A  fet 
off  equal  diftances  AE  =  AD,  then,  with  any  dis¬ 
tance  more  than  the  half  of  DE,  defcribe  two  arcs 
to  cut  each  other  in  forne  point  F ;  and  the  right¬ 
line  AF,  joining  the  points  A  and  F,  will  bifect 
the  given  angle  BAC. 

For  if  DF  and  FE  be  drawn,  the  triangles 
ADF,  AEF,  are  equilateral  to  each  other,  viz.  AD 
==  AE,  DF  =  FE,  and  AF  common,  wherefore 
DAF  =  EAF,  as  before. 

P  R  0  B.  IV. 

To  bifedl  a  right  line ,  AB.  Jig .  10. 

With  any  diftance,  more  than  half  the  line,  from 
A  and  B,  defcribe  two  circles  CFD,  CGD,  cut¬ 
ting  each  other  in  the  points  C  and  D;  draw  CD, 
interfering  AB  in  E,  then  AE  =  EB. 

For, 
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For,  if  AC,  AD,  BC,  BD,  be  drawn;  the  tri¬ 
angles  ACD,  BCD,  will  be  mutually  equilateral, 
and  confsquently  the  angle  ACL  =  BCE  :  there¬ 
fore  the  triangle  ACE,  BCE,  having  AC  =  BC, 
CE  common,  and  the  angle  ACE  =  BCE ;  (by 
theo.  6.)  the  bafe  AE  =  the  bafe  BE. 

Cor.  Hence  it  is  manifeft,  that  CD  not  only  bi- 
fects  AB,  but  is  perpendicular  to  it.  (By  der.  n.) 

P  R  0  B.  V. 

On  a  given  point  A,  in  a  right  line  Eh,  to  erect  a 
perpendicular .  Fig .  1 1 . 

From  the  point  A  lay  off  on  each  fide,  the  equal 
diftances,  AC,  AD ;  and  from  C  and  D,  as  cen¬ 
ters,  with  any  interval  greater  than  AC  or  AD, 
defcribe  two  arcs  interfering  each  other  in  B ; 
from  A  to  B  draw  the  line  AB,  and  it  will  be  the 
perpendicular  required. 

For,  let  CB,  and  BD  be  drawn;  then  the  tri¬ 
angles  CAB,  DAB,  will  be  mutually  equilateral 
and  equiangular,  fo  CAB  =  DAB,  a  right  angle, 
(by  def.  n.) 

P  R  0  B.  VI. 

T o  raife  a  perpendicular  on  the  end  B  of  a  right 
line  AB.  fig.  12. 

From  any  point  D  not  in  the  line  AB,  with  the 
diftance  from  D  to  B,  let  a  circle  be  defcribed  cut¬ 
ting  AB  in  E  ;  draw  from  E  thro’  D  the  right  line 
EDC,  cutting  the  periphery  in  C,  and  join  CB ; 
and  that  is  the  perpendicular  required. 


EBC 
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EBC  being  a  femicircle,  the  angle  EBC  will  be 
a  right  angle  (by  cor.  5.  theo.  7.) 

P  R  0  B.  VII. 

From  a  given  point  A ,  to  let  fall  a  perpendicular  upon 
a  given  right  line  BC.  jig .  13. 

From  any  point  D,  in  the  given  line,  take  the 
diftance  to  the  given  point  A,  and  with  it  defcribe 
a  circle  AGE,  make  GE  =  AG,  join  the  points 
A  and  E,  by  the  line  AFE,  and  AF  will  be  the 
perpendicular  required. 

Let  DA,  DE,  be  drawn  ;  the  angles  ADF  =  FDE, 
DA  =  DE,  being  radii  of  the  fame  circle,  and  DF 
common ;  therefore  (by  theo.  6.)  the  angle  DFA 
=  DFE,  and  FA  a  perpendicular.  (By  def.  11.) 

P  R  0  B.  VIH. 

Thro9  a  given  point  A ,  to  draw  a  right  line  AB9 
parallel  to  a  given  right  line  CD .  fig.  14. 

From  the  point  A,  to  any  point,  F,  in  the  line 
CD,  draw  the  line  AF ;  with  the  interval  FA,  and 
one  foot  in  F,  defcribe  the  arc  AE,  and  with  the 
like  interval  and  one  foot  in  A,  defcribe  the  arc 
BF,  making  BF  =  AE  ;  thro’  A  and  B  draw  the 
line  AB,  and  it  will  be  parallel  to  CD. 

By  prob.  2.  The  angle  BAF=  AFE,  and  by 
theo.  11.  BA  and  CD  are  parallel. 


H 


P,  R  0  B. 


GEOMETRICAL 


5° 


Plate  II* 


P  R  0  B.  IX. 

Upon  a  given  line  AB  to  defcribe  a  fquare  ABCD. 
plate  L  fig,  1 7. 

Make  BC  perpendicular  and  equal  to  AB;  and 
from  A  and  C,  with  the  line  AB,  or  BC,  let  two  arcs 
be  defcribed,  cutting  each  other  in  D  ;  from  whence 
to  A  and  C,  let  the  lines  AD,  DC  be  drawn  ;  fo 
is  ABCD  the  fquare  required. 

For  all  the  fides  are  equal  by  conftru6lion ; 
therefore  the  triangles  ADC  and  BAC,  are  mutu¬ 
ally  equilateral  and  equiangular,  and  ABCD  is  an 
equilateral  parallelogram,  whofe  angles  are  right. 
For  B  being  right,  D  is  alfo  right,  and  I) AC, 
DC  A,  BAC,  ACB,  each  half  a  right  angle  (by  lem¬ 
ma  preceding  theo.  7.  and  cor.  2.  theo.  5.)  whence 
DAB  and  BCD  will  each  be  a  right  angle,  and 
(by  def.  44.)  ABCD  is  a  fquare. 

S  C  II  O  L  I  U  M. 

the  fame  method  a  re&angle  or  oblong,  may 
be  defcribed,  the  Tides  thereof  being  given. 

P  R  0  B.  X. 

To  divide  a  given  right  line  AB ,  into  any  propofed 
number  of  equal  parti.  Fig .  1 5. 

Draw  the  infinite  right  line  AP,  making  any 
angle  with  AB,  alfo  draw  BC)^  parallel  to  AP,  in 
each  of  which,  let  there  be  taken  as  many  equal 

parts 
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parts  AM,  MN,  &c.  Bo,  on,  Esfr.  as  you  would 
have  AB  divided  into;  then  draw  Mm,  Nn,  £sV. 
interfering  AB  in  E,  F,  &c.  and  it  is  done. 

For  MN  and  mn,  being  equal  and  parallel,  FN 
will  be  parallel  to  EN ;  and  in  the  fame  manner, 
GO  to  FN  (by  theo.  12.)  therefore  AM,  MN, 
NO,  being  all  equal  by  conftruction,  it  is  plain 
(from  theo.  20.)  that  AE,  EF,  FG,  will 

like  wife  be  equal. 

P  R  0  B.  XI. 

To  find  a  third  proportional  to  two  given  right  lines , 
A  and  B.  fig .  16. 

Draw  two  infinite  blank  lines  CE,  CD,  anywife 
to  make  an  angle.  Lay  the  line  A,  from  C  to  F  ; 
and  the  line  B,  from  G  to  G  ;  and  draw  the  line 
FG  ;  lay  again  the  line  A,  from  C  to  H  ;  and 
thro’  H,  draw  HI  parallel  to  FG  (by  prob.  8.) 
fo  is  Cl  the  third  proportional  required. 

For,  by  cor.  1.  theo.  20.  CG  :  CH  :  :  CF  :  Cl. 

Or,  B  :  A  :  :  A  :  CL 

P*R  0  B.  XII. 


re e  right  lines  A ,  B ,  C,  given  to  find  a  fourth 
'tional,  ( Fig .  1  y.J 

Having: 
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Having  made  an  angle  DEF  any  wife,  by  two 
infinite  blank  right  lines,  ED,  EF,  as  before ;  lay 
the  line  A,  from  E  to  G  ;  the  line  B,  from  E  to  I ; 
and  draw  the  line  IG  ;  lay  the  line  C,  from  E  to 
H,  and  (by  prob.  8.)  draw  HK  parallel  thereto,  fo 
will  EK  be  the  fourth  proportional  required. 

For,  by  cor.  i.  theo.  20.  EG  :  El  :  :  EH  :  EK, 
Or,  A  :  B  :  :  C  :  EK. 

PROB .  XIII. 

Plate  III. 

Two  right  lines ,  A  and  i>,  given  to  find  a  mean 
proportional.  (Big.  1) 

Draw  an  infinite  blank  line,  as  AF,  on  which 
lay  the  line  A,  from  A  to  B,  and  the  line  B,  from 
B  to  C,  on  the  point  B,  which  is  the  joining  of  the 
lines  A  and  B ;  erect  a  perpendicular  BD  (by 
prob.  5.)  bifect  AC  in  E  (by  prob.  4.)  and  defcribe 
the  femicircle  ADC  ;  and  from  the  point  D,  where 
its  periphery  cuts  the  perpendicular  BD,  draw  the 
line  BD,  and  that  will  be  the  mean  proportional 
required. 

For  if  the  lines  AD,  DC,  be  drawn,  the  angle 
ADC  is  a  right  angle  (by  cor.  5.  theo.  7.)  being 
an  angle  in  a  femicircle. 

The  angles  ABD,  DBC,  are  right  ones  (by  def. 
11.)  the  line  BD  being  a  perpendicular;  wherefore 
the  triangles  ABD,  DBC,  are  fimilar,  thus  the  an¬ 
gle  ABD  —  DBC,  being  both  right,  the  angle  D  AC 
is  the  complement  of  JBDA  to  ,  a  right  angle  (by 
cor.  2.  theo.  5.)  and  is  therefore  equal  to  BDC, 
the  angle  ADC  being  a  right  angle  as  before ;  con- 
'  '  '  “  J  fequently 
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fequently  (by  cor.  i.  theo.  5O  angle  Aub 
DCB,  wherefore  (by  theo.  16.) 

AB  :  BD  :  :  BD  :  BC. 

Or,  A  :  BD  :  :  BD  :  B. 


P  R  0  B.  XIV. 

To  divide  a  right  line  AB,  in  the  point  A,  fo  that 
AE  Jhall  have  the  fame  proportion  to  EB,  as  two  given 
lines  C  and  D  have .  ( Fig .  2  ) 

Draw  an  infinite  blank  line,  AF,  to  the  ex¬ 
tremity  of  the  line  AB,  to  make  with  it  any  an¬ 
gle  :  lay  the  line  C,  from  A  to  C  ;  and  1),  from  C 
to  D  ;  and  join  the  points  B  and  D,  by  the  line 
BD  ;  thro*  C,  draw  CE  parallel  to  BD  (by  prob.  8.) 
fo  is  E  the  point  of  divifion. 


For,  by  cor.  1.  theo.  20.  AC  :  AD  :  :  AE  :  AB. 
Or,  C  :  D  :  :  AE  :  EB. 


PROB.  XV. 


To  defcribe  a-  circle  about  a  triangle  ABC  or  (  wvn.h 
is  the  fame  thing)  thro 9  any  three  points ,  A,  -0,  C, 
which  are  not  Jituate  in  a  right  line.  ( Eig.  $0 


By  prob.  4.  Bifecl  the  line  AC  by  tne  peipeo- 


dicular  DE,  and  alfo  CB,  by ’the  perpendicular  FG, 
the  point  of  interfediion  H,  of  thefe  perpendiculars, 
is  the  center  of  the  circle  required,  from  which  take 
the  diftance  to  any  of  the  three  points  A,  B,  C, 

and  defcribe  the,  circle  ABC,  and  it  is  done. 

;  For 


* 
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For,  by  cor.  to  theo.  8.  The  lines  DE  and  FG, 
mud  each  pafs  thro’  the  center,  therefore,  their  point 
of  interfedfcion,  H,  mud  be  the  center. 


SCHOLIUM. 


By  this  method  the  center  of  a  circle  may  be 
bund,  by  having  only  a  fegment  of  it  given. 


PRO  B .  XVI. 


To  make  an  angle  of  any  number  of  degrees ,  at 
the  point  A ,  of  the  line  AB ,  fuppofe  of  45  degrees . 

(Fis-  4 •)  s 

From  a  fcale  of  chords  take  60  degrees,  for  60 
is  equal  to  the  radius  (by  cor.  theo.  15.)  and 
with  that  didance  from  A,  as  a  center,  defcribe  a 
circle  from  the  iine  AB ;  take  45  degrees,  the  quan¬ 
tity  of  the  given  angle,  from  the  fame  fcale  of 
chords,  and  lay  it  on  that  circle  from  a  to  b,  thro’  A 
and  b,  draw  the  line  AbC ;  and  the  angle  A,  will 
be  an  angle  of  45  degrees,  as  required.  : 


r  r 
li. 


the 


given  angle' 


were  more  than  90,  take 
its  half  (or  divide  it  into  any  two  parts  Ids  than 
90)  and  lay  them  after  each  other  on  the  arc  which 
is  defended  with  the  chord  of  60  degrees  ;  thro’ 
the  extremity  of  which,  and  the  center,  let  a  line 
be  drawn,  and  that  will  form  the  angle  required, 
with  the  given  line. 


P  R  0  B. 
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P  R  0  B.  XVII. 


To  me  afur e  a  given  angle  ABC .  (fig.  z.J 

If  the  lines  which  include  the  angle,  be  not  as 
long  as  the  chord  of  60  on  your  fcale,  produce 
them  to  that  or  a  greater  length,  and  between 
them  fo  produced,  with  the  chord  of  60  from  B, 
defcribe  the  arc  e  d ;  which  difiance  e  d,  meafured 
on  the  fame  line  of  chords,  gives  the  quantity  of 
the  angle  BAC  48  degrees,  as  required ;  this  is 
plain  from  def.  19. 


PROD.  XVIII. 

v/ 

To  make  a  triangle  BCE  equal  to  a  given  quadri¬ 
lateral  figure  A  BCD.  fg.  6. 

T)raw  the  diagonal  AC,  and  parallel  to  it  (by 
prob.  8.)  DE,  meeting  AB  produced  in  E  ;  then  . 
draw  CE,  and  ECB  will  be  the  triangle  required. 

•  -^or  ^le  triangles  ADC,  A  EC,  being  upon  the 
iame  bale  AC,  and  under  the  lame  parallel  El) 
(by  cor.  to  theo.  13.)  will  be  equal,  therefore  if 
ABC  be  added  to  each,  then  A  BCD  =  BEC. 

PRO  B.  XIX. 

>  .  ' ' 

1°  make  a  triangle  DFH ,  equal  to  a  given  rive* 

fided  figure  ABODE,  fg.  7.  “ 

Draw  D  A  and  DB,  and  aifo  EH  and  CF,  paral¬ 
lel  to  them  (by  prob.  8.)  meeting  AB  produced  in 

II  and 
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H  and  F ;  then  draw  DH,  DF,  and  the  triangle 
HDF  is  the  one  required. 

For  the  triangle  D£A  DH  A,  and  DBC  = 
DFB  (by  cor.  to  theo.  13.)  therefore  by  adding 
thefe  equations,  D  £  A  4-  DBG  =  DHA  4-  DFB, 
if  to  each  of  thefe  AI>B  be  added;  then  DEA  + 
ADBfDBC  =  ABCDE  =  (DHA  +  ABD  4-  DFB) 
=  DHF. 

P  R  0  B.  XX. 

To  project  the  lines  of  chords ,  fines ,  tangent s,  and 
fecants ,  to  any  radius .  i'7g\  8. 

On  the  line  A  B,  let  a  femicircle  ABB  be  d<3* 
feribed ;  let  CD  be  drawn  perpendicular  to  the 
center  C,  and  the  tangent  BE  perpendicular  to  the 
end  of  the  diameter;  let  the  quadrants,  AD,  DB, 
be  each  divided  into  9  equal  parts,  every  of  which 
will  be  10  degrees  ;  if  then  from  the  center  C, 
lines  be  drawn  thro’  10,  20,  30,  4° ,  life.-  the  di¬ 
visions  of  the  quadrant  BD,  and  continued  to  BF, 
we  Shall  there  have  the  tangents  of  10,  20,  30, 
40,  life.  and  the  Fecants  C  10,  C  20,  C  30,  life,  are 
transferred  to  the  line  CD,  produced  by  deferibing 
the  arcs  10,  10:  20,*  20:  30,  30,  Isfc.  If 

from  10,  20,  30,  life.  the  divisions  of  the  qua¬ 
drant  BD,  there  be  let  fall  perpendiculars,  let  thefe 
be  transferred  to  the  .radius  CD,  and  we  fhall  have 
the  fines  of  io,  20,  30,  life.  and  if  from  A  we 
deferibe  the  arcs  10,  10:  20,  20:  30,  30,  life. 

from  every  divifion  of  the  arc  AD  ;  we  fhall  have 
a  line  of  chords.  The  fame  way  we  may  have 
the  fine,  tangent,  Isfc.  to  every  fingle  degree  on 
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the  quadrant,  by  fubdividing  every  of  the  9  for¬ 
mer  divifions  into  10  equal  parts.  By  this  method 
the  fines,  tangents,  &c.  may  be  drawn  to  any 
radius ;  and  if  after,  they  be  transferred  to  lines  on  * 
a  rule,  we  fhall  have  the  fcales  of  fines,  tangents, 
&c.  ready  for  ufe. 


Concerning  Scales  of  equal  Parts . 

If  an  inch  be  divided  into  any  affigned  number 
of  equal  parts,  and  if  thefe  parts  be  continued  on 
in  a  right  line,  and  if  the  lail  of  them  be  fubdi- 
vided  into  10  equal  parts,  and  thence  if  the  firft 
divifions  be  numbered  with  1,  2,  3,  4,  &c.  as  far 
as  the  ruler  upon  which  they  are  transferred  will 
admit,  the  fcale  is  completed. 

Thefe  numbers,  1,  2,  3,  4,  &c.  ufually  flund 
for  10,  20,  30,  40,  &c .  and  every  one  of  the 
fubdivifions  is  called  1  :  but  if  the  numbers  i,  2, 

3,  4,  &c.  be  called  100,  200,  300,  400,  &c.  then 
every  one  of  the  fubdivifions  will  be  10,  and  the 
units  mud  be  guelfed  at.  H 

On  one  fide  of  moft  furveying  fcales,  there  are 
lines  or  fcales,  marked  at  the  end  with  50,  45, 

4°,  35,  30,  25,  15,  10.  and  fometimes  with  other 
numbers ;  thefe  are  fcales  of  fo  many  parts  to  an 
inch  (whether  of  feet,  yards,  perches,  or  miles)  as 
the  refpedlive  number  at  the  end  of  each  expreffes ; 
but  in  the  furveying  way,  they  are  counted  to  be 
fo  many  perches  to  an  inch,  and  fometimes  fo  ma¬ 
ny  feet  to  an  inch. 

On  the  contrary  fide  there  are  two  fcales,  one  of 
jo,  and  the  other  of  20;  or  one  of  100,  and  the  ^  d* 

I  other  * 


* 


other  of  200;  or  one  of  1000,  and  the  othei.  or 
2000  parts  to  an  inch,  diagonally  divided ;  (a  view 
of  the  fcale  will  make  all  eafy:)  the  firft  of  thefe 
furveyors  call  a  fcale  of  10,  and  the  other  a  male 
of  20  perches  to  an  inch ;  and  are  thus  counted : 
every  large  divifion  is  1©,  every  one  of  the  fubdi- 
vifions  is  1,  and  every  one  downwards  is  one  tenth 
of  a  perch ;  or  fometimes  thus,  every  large  divifi¬ 
on  is  called  100,  every  lubdivifion  10,  and  every 
one  downwards  1  :  or  again,  frequently  by  navi¬ 
gators,  every  large  divifion  is  called  1000,  every 
lubdivifion  100,  every  one  downwards  10,  and  the 
tenth  part  of  the  diftance  between  the  lines  1. 

Hence  it  is  eafy  to  meafure  the  length  of  any 
line,  knowing  the  fcale  by  which  it  was  laid  down  ; 
and  on  the  contrary,  to  fet  off  any  given  diftance 
from  any  fcale. 


Of  LOGARITHMS. 


IF  to  a  feries  of  numbers  in  geometrical  progref* 
fion,  whofe  common  ratio  is  io,  and  firfl  term  i ; 
we  annex  another  feries  of  numbers  in  arithmetical 
progreffion,  whofe  firft  term  is  o,  and  common  dif¬ 
ference  i  :  thefe  latter  numbers  will  be  the  loga¬ 
rithms  of  the  former. 


Logarithms. 


Numbers 


0.00000 

1.00000 

2.00000 

3.00000 


I 

10 

100 


1000 

10000 


4.00000,  &c, 


If  feveral  geometrical  means  be  taken,  and  the 
like  number  of  arithmetical  ones,  to  the  corre- 
fponding  numbers,  the  latter  will  be  the  logarithms 
of  the  former. 

The  nature  therefore  of  logarithms  is  fuch, 
that  addition  of  them  anfwers  to  the  multiplica¬ 
tion  of  their  correfponding  numbers ;  and  fub- 
tradion  to  divifion :  that  is,  when  two  numbers 
propofed  are  to  be  multiplied  into  each  other,  if 
we  take  the  logarithms  anfwering  to  thofe  num¬ 
bers,  and  add  them  together,  the  fum  will  be  the 
logarithm  anfwering  to  the  number,  which  is  the 
produd  of  the  two  propofed  numbers. 
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Of  LOGARITHMS. 

Again,  when  one 'number  is  propofed  to  be  di¬ 
vided  by  another ;  if  from  the  logarithm  of  the 
dividend,  we  fubtrad  the  logarithm  of  the  divi- 
for,  the  remainder  lhall  be  the  logarithm  of  the 
quotient. 

Mod  tables  of  logarithms  contain  the  logarithms 
of  all  numbers  from  i  to  ioooo,  the  column 
marked  at  the  top  N,  is  that  in  which  you  mud: 
find  your  number  ;  in  the  fame  line  with  which* 
in  the  adjacent  column,  is  the  logarithm  of  that 
number. 


E  x  A  m  p  L  E. 

Required,  the  logarithm  of  365. 

Anfwer,  2.56229. 

And  though  moil  tables  of  logarithms  run  but 
to  ioooo,  yet  by  them,  the  log.  of  any  number 
not  exceeding  10,000,000  may  be  found  and  on 
the  contrary,  the  number  to  any  fuch  logarithm, 
thus, 

1.  Find  the  log.  of  the  fil'd  four  figures  of  the 
given  number. 

2.  Take  that  log.  from  the  log.  of  the  number 
next  following,  and  note  their  difference. 

3.  Multiply  that  difference  by  the  remaining  fi¬ 
gures  of  the  given  number ;  and  from  the  product, 
cut  od  as  many  figures  as  remain,  in  the  given 
number,  or  as  the  given  number  is  more  than  four 
(counting  from  the  right  to  the  left)  as  in  de¬ 
cimals. 

4.  The 


Of  LOGARITHMS.  6 1 

4.  The  whole  number  in  the  product,  added  to 
the  firft  log.  is  the  log,  required;  but  the  firft 
figure,  which  is  called  the  index,  or  chaia&erif- 
tic,  mull  be  changed  ;  and  always  be  one  lefs  than 
the  number  of  figures  in  the  logarithm. 

^  E  x  A  M  p  I,  e  I. 

Required,  the  logarithm  of  the  number  3567894 


The  log.  of  356 7,  which  are  the  firfh  four  fi¬ 
gures,  is  -  3*5523° 

The  log.  of  the  following  or  next  number,  viz. 
3568,  is  -  -  3-55242 


Their  difference,  »  -  -  12 

Mult,  by  the  remaining  fig.  viz.  -  -  .894 


Cut  off  3  figures,  becaufe  894  is  3  figures, 
and  the  product  is  -  -  10.728 

To  which  add  the  firft  log.  -  3*5523° 


Their  fum  is  -  »  3* 55 2 4° 


But  becaufe  the  given  number  confifts  of  7  fi¬ 
gures,  the  index  mufl  be  one  lefs,  which  Js  6  ;  fo 
the  above  index,  3,  muft  be  changed  to  ^and  we 
have  6.55240  the  log.  of  3567894  required. 

Example  II. 

Required,  the  log.  of  the  number  125607. 

The  log.  of  1256  is  -  3.09899 

The  next  log.  following  is  -  3*°9934 

Their 


6-2 


Of  LOGARITHMS. 


Them  difference  is  -  -  35 

Multiply  by  .07  the  remaining  figures  .  .07 


Prod  u  ft .  -  -  -  2  *45 

To  which  add  the  firft  log.  -  3.09899 


Their  fum  is  3.09901 

Becaufe  the  given  number  confifts  of  6  places, 
change  the  lad  index  to  5,  which  is  one  lefs  than 
the  places  in  the  given  number ;  and  you  have 
5.09901,  the  log.  of  125607  required. 

Becaufe  any  number  confiding  of  both  integers 
and  decimals,  is  equal  to  the  quotient  of  the 
whole  confidered  as  an  integer,  divided  by  the 
denominator  of  the  decimal  part ;  and  fmce  by  the 
nature  of  logarithms,  fubtra&ion  in  them  anfwers 
the  quotient  of  other  numbers  ;  therefore  it  fol¬ 
lows,  that  when  a  number  is  given,  confiding  of 
integers  and  decimals,  we  can  find  its  log.  thus  : 
find  the  log.  of  the  whole  confidered  as  one  inte¬ 
ger  ;  then  from  that,  take  the  log.  of  the  denomi¬ 
nator  of  the  decimal  part ;  or  (which  is  the  fame 
thing)  from  the  index  of  the  log.  of  the  whole  con¬ 
fidered  as  an  integer,  fubtract  a  number  lefs  by 
one,  than  the  number  of  places  in  the  denomina¬ 
tor  of  the  fraction,  and  the  remainder  will  be  the 
log.  required ;  or  the  index  of  the  log.  mud  be  1 
lefs,  than  the  number  of  figures  in  the  integer  to 
which  the  decimal  is  annexed. 


Example  I. 


What  is  the  log.  of  the  number  36.5? 

Find  the  log.  of  365,  which  is  2.56229 :  then  be¬ 
caufe  10  is  the  denominator  of  the  decimal  part  of 
the  propofed  number,  and  1.00000  its  log.  there¬ 
fore,  from  2.56229,  take  1. 00000,  and  there  re¬ 
mains  1.56229  the  log.  required. 

Or, 
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Or,  becaufe  the  whole  number  confifts  of  two 
figures,  the  index  of  the  log.  muff  be  one  Ids, 
and  is  therefore  1.56229,  as  before. 

Example  II. 


What  are  the  logs,  of  6543,654.3, 

65-43=6.543, 

.6543,  .06543  and  .006543? 

1 

6543  —  ~  — 

3.81578 

654-3  —  — 

2.8157.8 

65-43  “  — 

1.8 1578 

6-543  ~  — 

o.8 1578 

•6543  “ 

CO 

t-. 

CO 

cf 

.06543  —  — 

8.81578 

.006543  — 

7-81578 

Ecr  the  log.  of  a  decimal  fraction  is  the  fame 

JL  ^  - ,  . -  .  . . 

as  that  of  an  integer  ;  only  the  index  is  negative, 
and  is  fo  much  lefs  than  o.  as  the  place  of  the  deci¬ 
mal  is  removed  from  unity ;  and  thofe  indices  may 
be  difimguifhed  from  abfolute  ones,  by  fettir 
negative  fign  over  them,  as  above. 


li6 


To  find  the  Number  of  a  given  Logarithm. 


Look  for  the  given  log.  .amongfit  the  logs,  from 
a  goo  to  1  good  (not  regarding  the  index  or  Hr  ft 
figure)  and  if  you  find  the  exact  log.  you  want, 
you  have  in  the  margin  the  required  number. 
.But  if  the  index  of  the  given  log.  be  lefs  than  3, 
cut  off  from  the  number  found,  as  many  figures 
as  it  is  lefs ;  and  the  figures  fo  cut  off  will  be  de¬ 
cimals,  and  the  others  integers.  Or  if  the  firR 
figure  or  index,  be  greater  than  3,  add  as  many 
cyphers  to  the  number  found  as  it  is  .more,  and 
37ou  have  the  number  required. 

'  •  1  Exam- 

’V 
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Examples. 


Find  the  numbers  correfpondent  to  the  follow¬ 
ing  logarithms. 

Given  logarithms.  Numbers. 

5*5523°  Anfwer  3567  ©o. 

4.5523°  —  —  3567°‘ 

3-5533°  —  3  567- 

3-5533°  —  —  356-7 

i-5533°  —  35*67 

0.55230  —  3'5°7 

75523°  —  —  -3567 

8.55230  —  -03567 

7.55230  —  —  ■°°3S^7’ 

But  if  the  exaft  log.  cannot  be  found  in  the 
table,  and  the  number  of  figures  required  exceed 
four,  then 

1.  Find  as  before  (not  regarding  the  index)  the 
loo*,  anfwering  to  the  firft  four  figures,  but  lefs 

o.o 

than  the  given  log. 

2.  Take  that  from  the  given  one,  and  if  the 
remainder  do  not  confift  of  two  figures,  prefix  a 
cypher  to  it;  and  after  thefe  two  figures  annex 
three  cyphers,  fo  will  you  have  five  figures  for  a 
dividend. 

3.  Divide  that  by  the  difference  between  the 
^log.  found,  and  the  next  following,  and  if  your 
quotient  do  not  confift  of  three  figures,  prefix  a 
cypher  or  cyphers  to  make  it :  which  three  fi¬ 
gures  place  after  the  hr  ft  four  found. 

Then  obferve  the  index  of  the  given  log. 
•which  {hews  how  many  figures  mull  be  integers, 
and  how  many  decimals ;  for  the  number  of  in¬ 
tegers 
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tcgers  is  one  more  than  the  given  index  as  be¬ 
fore*  >  % 


Example  I* 

t.  Required,  the  number  of  the  log.  4.5524! 

The  nearefl  log.  which  is  lefs  is  3*5523° 

its  number  is  3567.  - 

The  difference  of  thefe  with  three  cyphers  is 
for  a  dividend  -  11000 

The  log.  found  -  -  3*55  23° 

The  next  log.  -  3-5 5 242 

Their  difference  will  give  for  a  divifor  1 2 

12)11000(916  Quotient. 

108 


20 

12 


80 


Which  quotient  place  after  the  firft  four  figures 
found,  and  you  have  3567916  ;  and  becaufe  the 
index  is  4,  the  number  will  be  356 79 re- 
quired.  ! 

2.  Required,  the  number  anfwering  to  the  log. 

5.09901. 

The  neared  log.  to  which  is  3.09899,  its  No.  1256 


Dividend  02000 


K 


Log. 
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Log.  found  3.09899 
Next  log.  3.09934 


35  Divifor  35)02000(57 


175 


2  co 
245 


"I 


5 


Becaufe  the  quotient  confifts  of  but  two  figures, 
prefix  a  cypher  to  it  to  make  it  three,  and  it  is  057  ; 
which  annexed  to  the  firfl  four  found,  is  1256057  ; 
and  becaufe  the  index  of  the  given  log.  is  5,  its 
number  will  be  125605.7. 

From  what  has  been  faid  on  this  head,  the  fol¬ 
lowing  problems  may  eafily  be  folved  by  loga¬ 
rithms,  viz. 


P  R  0  B.  I. 


Multiply  134  by  25.6 

To  log.  of  134 
Add  the  log.  of  25.6 


2.1281© 

1.46824 


Sum  3*53534 


The  number  anfwering  to  which  fum,  viz .  3430, 
is  nearly  the  product  of  134  by  25.6  and  is  the 
anfwer. 


Again,  multiply  234  by  36. 


To 
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To  log.  of  234  2.36922 
Add  the  log.  of  36  1.55630 

Sum  3-92552  its  number 


is  8424  required. 


P  R  0  B,  II. 

What  is  the  quotient  of  828  by  23  ?  ' 

From  the  log.  of  828  2.91803 

Take  the  log.  of  23  1.361 73 

Difference  1.55630  its  number 

is  36  the  quotient  required. 

.  Again,  what -is  the  quotient  of  30550  by  47  ? 

From  the  log.  of  30550  4.48501 

Take  the  log.  of  47  1.67210 

2.81291  its  number 

is  650  the  quotient  required. 

PROP.  III. 

Three  numbers  in  a  diredt  proportion  given,  to* 
find  a  fourth. 

From  the  fum  of  the  logarithms  of  the  fe- 
cond  and  third  numbers ;  dedudl  the  logarithm  of 
the  firft,  the  remainder  will  be  the  logarithm  of 
the  fourth  required.  -  • 

E  X  A  M- 
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Example  I. 

Let  the  three  propofed  numbers  be  36,  48,  66, 
to  find  a  fourth  proportional. 

To  log.  of  48  1.68124 

Add  log.  of  66  1.81954 

Sum  3.50078 

Take  log.  of  36  1.55630 

1.94448  the  number  is  88  the 


fourth  required. 


Again,  let  three  numbers  be  240,  1440,  1230, 
to  find  a  fourth  proportional. 

To  the  log.  of  1440  3*15836 

Add  the  log.  of  1230  3,08991 

From  the  product  6.24827 

Take  the  log.  of  240  2.38021 

3,86806  its  number  738Q 


the  4th  required. 


P  R  0  B.  IV. 

To  find  the  fquare  of  any  given  number. 

Multiply  the  given  number’s  logarithm  by  2, 
and  the  produdt  is  the  logarithm  of  its  fquare. 


Exam- 
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Example. 

Required,  the  fquare  of  36. 

Log.  of  36  1  *5563° 

Multiply  by  2 

3. 1 1 260  its  number  1 296  the 


fquare  required. 

P  R  0  B.  V. 

To  extra#  the  fquare  root  of  any  given  num¬ 
ber. 

Take  half  of  the  logarithm  of  the  number,  and 
that  is  the  logarithm  of  its  fquare  root. 

Example. 

Required,  the  fquare  root  of  1296. 

Log.  of  1296  3.11261 

Its  half  is  1.55630  its  number  i?  36  the 

fquare  root  of  the  number  required. 

By  the  manner  of  projecting  the  .  lines  of 
chords,  fines,  tangents,  and  fecants .  (being  prob. 
20  of  geometry)  k  is  evident,  that  if  the  radius 
be  fuppofed  any  number  of  equal  parts  (as  1000 
or  10000,  £*.)  the  fine,  tangent,  E*.  of  every 
arc,  muff  confifl  of  fome  number  01  thofe  equal 
parts  y  and  by  computing  them  in  parts  of  the  ra- 
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dius,  we  have  tables  of  fines,  tangents,  *  &V.  to 
every  arc  of  the  quadrant,  called  natural  fines, 
tangents,  &c.  and  the  logarithms  of  thefe  give 
us  tables  of  logarithmic  fines,  tangents,  SsV.  and 
fuch  are  ufually  bound  up  with  logarithms  of 
numbers. 

In  which  you  may  obferve,  that  each  page  is  di¬ 
vided  into  8  columns,  the  firft  and  laft  of  which 
are  minutes,  and  the  intermediate  ones  contain  the 
fines,  tangents,  and  fecants,  the  upper  and  lower 
columns  '  contain  degrees,  the  column  of  the  mi¬ 
nutes  on  the  left  hand  of  each  page,  anfwers  to 
the  degrees  in  the  top  column ;  and  the  fines, 
tangents,  and  fecants  belonging  to  thofe  degrees 
and  minutes,  are  in  the  columns  marked-  at  the 
top  with  the  words  fine,  tangent,  and  fecant ; 
the  column  of  minute*  on  the  right  hand  of  each 
page,  anfwers  to  the  degrees  in  the  bottom  of  the 
page ;  and  the  fines,  tangents,  and  fecants,  an¬ 
swering  to  thofe  degrees  and  minutes,  are  in  the 
columns,  marked  at  the  bottom  with  the  words 
fine,  tangent,  fecant ;  the  degrees  in  the  top 
column  beginning  at  o,  proceed  to  44,  where  they 
fend ;  and  thofe  at  the  bottom  of  the  page  begin  at 
89,  and  proceed  to  45  in  a  decreafmg  feries ;  the 
degrees  in  the  different  columns  being  the  com¬ 
plement  of  each  other.  From  what  has  been  laid, 
we  may  eafily  find  the  fine,  tangent,  or  fecant 
of  any  arc,  from  the  tables,  by  looking  for  the 
given  number  of  degrees  at  the  head  or  foot  of 
the  page,  according  as  they  are  lefs  or  greater  than 
45,  and  in  the  proper  fide  column  for  the  odd 
minutes,  if  there  be  any ;  then  below  or  above 
the  word  fine,  tangent,  or  fecant,  and  on  the 
fame  line  with  the  minutes,  we  fhali  have  that 
which  was  required. 


Exam-* 
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Example  I. 

Required,  the  fine  of  36  degrees  40  minutes. 

Look  at  the  head  of  the  page  for  36  degrees, 
and  in  the  fide  column  on  the  left  hand,  for  40 
minutes ;  then  below  the  word  fine,  on  the  fame 
line  with  40,  we  find  9.77609;  which  is  that  re¬ 
quired. 

Example  II. 

Required,  the  tangent  of  54  degrees  30  minutes* 

Look  at  the  foot  of  the  page  (becaufe  the  pro- 
pofed  degrees  are  more  than  45.)  for  54  degrees, 
and  in  the  right  hand  column  for  30  minutes ;  then 
in  the  column  marked  tangent  at  its  bottom,  and 
on  the  fame  line  with  the  30  minutes,  in  the  fide 
column,  we  find  10.14673,  which  is  the  log-tan¬ 
gent  required. 

The  reverfe  of  this,  viz.  The  logarithm  of  a 
fine,  tangent,  or  fecant,  being  given,  to  find  the 
arc  belonging  to  it,  is  performed  by  only  looking 
in  the  proper  column,  for  the  nearefl  logarithm  to 
that  propofed,  and  the  degrees  and  minutes  an- 
fwering  thereto,  are  thofe  required. 

We  will  now  {hew  how  any  fine,  tangent,  or 
fecant  may  be  had,  tho’  the  figures  in  the  tables 
were  defaced,  mif-printed,  or  obliterated. 

P  R  0  B.  I. 

To  hud  the  tangent  which  is  defaced,  by  the 
fine  and  co-fme. 

The 
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The  co-fme  taken  from  the  fine  added  to  90,  or 
radius,  which  is  10.00000,  the  remainder  Is  the 
tangent.  (  By  part  1.  theo.  24.) 

Example. 

1.  Suppofe  the  tangent  of  410*  20',  was  defaced, 
but  the  fine  and  co-fme  of  it  vifible. 

From  the  fine  of  410.  20'  +  10.00000, 
or  radius,  -  19.81983 

Take  the  co-fme  of  410.  20'  9*87557 

The  rem.  is  the  tan.  of  410.  20'  req.  viz.  9.94426 


2.  To  find  a  fine  which  is  mif-printed,  by  help 
of  the  co-fme  and  tangent. 

From  the  fum  of  the  tangent  and  co-fine,  take 
x  0.00000,  or  radius,  or  (\vhich  is  the  fame  thing) 
cut  off  the  firft  figure  in  the  index,  the  remainder 
is  the  fine  required  (by  part  2.  theo.  24.) 

Example. 

Suppofe  the  fine  of  46°.  50'  was  defaced,  but 
the  tangent  and  co-fme  vifible. 

To  the  tangent  of  46°.  50'  10.02781 

Add  the  co-fme  of  46°.  50*  9 ,835x3 

TJieir  fum  is  the  fine  of  46°.  50'  req.  viz.  9.86294 


The  co-tangent  and  co-fme  of  any  arc,  may  be 
had  by  the  fame  method  ;  the  complement  of  any 

degree,  being  only  its  refidue  from  90,  or  a 
°  quadrant, 
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quadrant,  as  before  obferved,  (by  theo.  24.  part  3 
and  4.) 

3.  To  find  a  tangent  by  the  help  of  a  co-tangent 
only, 

0  k  * 

From  twice  the  radius,  which  is  20.00000,  take 
the  co-tangent,  the  remainder  is  the  tangent,  (by 
theo.  24.  part  5.) 

Example. 

Required,  the  tangent  of  290.  50'  being  defaced, 
as  alfo  the  fine  and  co-fme  defaced,  by  the  co-tangent 
only. 

From  twice  the  radius,  20.00000 

Take  the  co-tangent  of  290.  50*  10.24148 

>*i  ■■■ 

The  rem.  is  the  tang,  of  290.  50'  req.  9.75852 


4.  To  find  the  fecant  by  the  help  of  a  co-fine; 
which  may  be  found  of  great  ufe  when  a  table  of 
fines  and  tangents  can  only  be  had. 

From  twice  the  radius,  which  is  20.00000,  take 
the  co-fine,  and  the  remainder  will  be  the  fecant, 
(by  theo.  24.  part  6.) 

Example. 

✓  r 

Required,  the  fecant  of  570.  20'  by  the  help  of 
the  co-fine  only. 

From  the  double  radius*  20.00000 

Take  the  co-fine  of  570.  2of  9-732I9 

The  rem.  is  the  fecant  of  570.  2or  req.  10*26781 


L 


5.  To 
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5,  To  find  a  fecant  by  the  help  of  the  fine  and 
tangent. 

From  the  tangent  added  to  radius,  take  the 
fine,  the  remainder  will  be  the  fecant,  (by  theo. 
24.  part  7.) 

Example. 

Required,  the  fecant  of  570.  2  o'  by  help  of  the 
fine  and  tangent. 

From  the  tan.  of  570.  20'  +  10.00000 
the  radius,  20.19303 

Take  the  fine  of  570.  20'  9.92522 

The  rem.  is  the  fecant  of  570.  20'  req.  10.26781 


The  fecants  in  thefe  tables  might  have  been 
omitted,  becaufe  all  proportions  in  which  they  are 
concerned,  may  be  wrought  by  fines  and  tangents 
only,  as  fhall  be  fhewn  in  the  feveral  cafes  of  plane 
trigonometry ;  and  are  here  only  inferted  that  all 
the  various  methods  of  refolving  triangles  may  be 
fhewn. 


SEC  T. 


5T»^r 


SECT.  II. 


Containing  Plane  Trigonometry ,  right-angled  and  ob¬ 
lique  ;  with  its  application  in  determining  the  Mea- 
fares  of  inaccejfible  Heights  and  Di/lances. 


Plane  Trigonometry 


IS  the  fcience  of  meafuring  the  Tides  and  an¬ 
gles  of  plane  triangles.  It  is  divided  into  two 
parts,  viz .  into  rectangular  and  oblique  angular 
trigonometry,  becaufe  every  triangle  is  either  right- 
angled  or  oblique  ;  therefore  we  fliall  begin  with 

RECTANGULAR  TRIGONOMETRY. 


Plate  V.  fig.  i. 

i.  In  every  right  angled  plane  triangle  ABC,  it 
the  hypothenufe  AC  be  made  the  radius,  and  with 
it  a  circle,  or  an  arc  of  one,  be  defcribed  from 
each  end  ;  it  is  plain  (from  def.  22.)  that  BC  is 
the  fine  of  the  angle  A,  and  AB  is  the  fine  of  the 
angle  C  ;  that  is,  the  legs  are  the  fines  of  their 
oppofite  angles. 


-A-  * 
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Plate  V. 

2.  If  one  leg  AB  be  made  the  radius,  and  with 
it,  on  the  point  A,  an  arc  be  described ;  then  BC 
is  the  tangent,  and  AC  is  the  fecant  of  the  angle 
A,  by  def.  24  and  25.  Fig.  2. 

3.  If  BC  be  made  the  radius,  and  an  arc  be 
defcribed  with  it  on  the  point  C  ;  then  is  AB  the 
tangent,  and  AC  is  the  fecant  of  the  angle  C,  as 
before.  Fig.  3. 

Becaufe  the  fine,  tangent,  or  fecant  of  any 
given  arc  in  one  circle,  is  to  the  fine,  tangent, 
or  fecant  of  a  like  arc  (or  to  one  of  the  like 
number  of  degrees)  in  another  circle ;  as  the 
radius  of  the  one  is  to  the  radius  of  the  other ; 
therefore  the  fine,  tangent,  or  fecant  of  any  arc 
is  proportional  to  the  fine,  tangent,  or  fecant 
of  a  like  arc,  as  the  radius  of  the  given  arc  is 
to  10  00000,  the  radius  from  whence  the  loga¬ 
rithmic  fines,  tangents,  and  fecants,  in  moil  tables, 
are  calculated,  i.  e. 

If  AC  be  made  the  radius,  the  fines  of  the 
angle  A  and  C,  defcribed  by  the  radius  AC, 
will  be  proportional  to  the  fines  of  the  like  arcs, 
or  angles  in  the  circle,  that  the  tables  nowv  men¬ 
tioned  were  calculated  for.  So  if  BC  was  required, 
having  the  angles  and  AB  given,  it  will  be 
%.  1. 

As  S.C  :  AB  :  :  S.A  :  BC. 

i.  e.  As  the  fine  of  the  angle  C  in  the  tables,  is 
to  the  length  of  AB  ;  (or  fine  of  the  angle  C,  in 
a  circle  whofe  radius  is  AC  5)  fo  is  the  fine  of 

the 
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the  angle  A  in  the  tables,  to  the  length  of  BC, 
(or  line  of  the  fame  angle,  in  the  circle,  whofe 
radius  is  AC.) 

In  like  manner,  the  tangents  and  fecants  repre- 
fented  by  making  either  leg  the  radius,  will  be  v 
proportional  to  the  tangents  and  fecants  of  a  like 
arc,  as  the  radius  of  the  given  arc  is  to  io.ooooo, 
the  radius  of  the  tables  aforefaid. 

Hence  it  is  plain,  that  if  the  name  of  each  fide 
of  the  triangle  be  placed  thereon,  a  proportion 
will  arife  to  anfwer  the  fame  end  as  before :  thus 
if  AC  be  made  the  radius,  let  the  word  radius 
be  written  thereon ;  and  as  BC  and  AB,  are  the 
fines  of  their  oppofite  angles  ;  upon  the  fir  ft  let 
S.A,  or  fine  of  the  angle  A,  and  on  the  other 
let  S.C,  or  fine  of  the  angle  C,  be  wrote :  then. 

When  a  fide  is  required,  it  may  be  obtained  by 
this  proportion,  viz. 

As  the  name  of  the  fide  given 
is  to  the  fide  given, 

So  is  the  name  of  the  fide  required 
to  the  fide  required. 

Thus,  if  the  angles  A  and  C,  and  the  hypo- 
thenufe  AC  were  given,  to  find  the  legs  ;  the 
proportions  will  be 

1.  R  :  AC  :  :  S.A  :  BC.  fig.  1. 

That  is,  as  radius  is  to  AC,  fo  is  the  fine  of  the 

angle  A,  to  BC.  And, 

2.  R  :  AC  :  :  S.C  :  AB. 

That  is,  as  radius  is  to  AC,  fo  is  the  fine  of  the 
angle  C,  to  AB, 

When 
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Plate  V. 

When  an  angle  is  required,  we  ufe  this  pro¬ 
portion,  viz. 

As  the  fide  that  is  made  the  radius, 
is  to  radius, 

So  is  the  other  given  fide, 
to  its  name. 

Thus,  if  the  legs  were  given  to  find  the  angle 
A,  and  if  AB  be  made s  the  radius,  it  will  be 

AB  :  R  :  :  BC  :  T.A.  fig.  2. 

That  is,  as  AB,  is  to  radius,  fo  is  BC,  to  the 
tangent  of  the  angle  A. 

After  the  fame  manner,  the  fides  or  angles  of 
all  right  angled  plane  triangles  may  be  found,  from 
their  proper  data. 

We  here,  in  plate  4,  give  all  the  proportions 
requifite  for  the  folution  of  the  fix  cales  in  rect¬ 
angular  trigonometry ;  making  every  fide  poffible 
the  radius. 

In  the  following  triangles,  this  mark  —  in  an 
angle,  denotes  it  to  be  known,  or  the  quantity  of 
degrees  it  contains  to  be  given  ;  and  this .  mark 1 
on  a  fide,  denotes  its  length  to  be  given  in  feet, 
yards,  perches,  or  miles,  &c .  and  this  mark0, 
either  in  an  angle  or  on  a  fide,  denotes  the  angle 
or  fide  required. 


From 
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Plate  V. 

From  thefe  proportions  it  may  be  obferved ; 
that,  to  find  a  fide,  when  the  angles  and  one  fide 
are  given,  any  fide  may  be  made  the  radius  :  and 
to  find  an  angle,  one  of  the  given  fides  mull  be 
made*  the  radius.  So  that  in  the  i  ft,  2d,  and 
3d  cafes,  any  fide,  as  well  required  as  given,  may 
be  made  the  radius,  and  in  the  firft  flatings  of 
the  4th,  5th,  and  6th  cafes,  a  given  fide  only  is 
made  the  radius. 

RECTANGULAR  TRIGONOMETRY. 

CASE  1. 

THE  angles  and  hypothenufe  given,  to  Jind  the 
bafe  and  perpendicular.  Fig .  4. 

In  the  right  angled  triangle  ABC,  fuppofe  the 
angle  A  46°.  30'.  and  confequently  the  angle  C 
430.  30'.  (by  cor.  2.  theo.  5.)  ;  and  AC  250  parts, 
(as  feet,  yards,  miles,  &c.)  required  the  legs  AB 
and  BC. 

Geometrically . 

Make  an  angle  of  46°.  30',  in  blank  lines,  (by 
prob.  16.  fed.  1.)  as  CAB  ;  lay  250,  which  is  the 
given  hypothenufe,  from  a  fcale  of  equal  parts, 
from  A  to  C  ;  from  C,  let  fall  the  perpendicular 
BC,  (by  prob.  7.  fed.  1.)  and  that  will  conilitute 
the  triangle  ABC.  Meafure  the  lines  BC,  and 
AB,  from  the  fame  fcale  of  equal  parts  that  AC 
was  taken  from  5  and  you  have  the  anfwer. 


By 
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Plate  V. 

By  Calculation . 

i.  Making  AC  the  radius ,  the  required  Tides  are 
found  by  thefe  propoiitions,  as  in  plate  4.  cafe  1. 


R  :  AC  :  : 

S.A  :  BC. 

R  :  AC  i  : 

S.C  :  AB. 

e.  As  radius, 

900 

10.00000 

is  to  AC, 

250 

2-39794 

So  is  the  fine  of  A 

46°.  30* 

9.86056 

to  BC, 

181.  4 

2.25850 

As  radius, 

90° 

I  0.00000 

is  to  AC, 

250 

2-39794 

So  is  the  Tine  of  C 

43°.  30' 

9.83781 

to  AB,  172.  1.  2.23 575 


If  from  the  fum  of  the  fecond  and  third  logs, 
that  of  the  firit  be  taken,  the  remainder  will  be 
the  log.  of  the  fourth  ;  the  number  anfwering  to 
which,  will  be  the  thing  required ;  but  when  the 
firil  log.  is  radius,  or  io.oooco,  reject  the  firft 
figure  of  the  fum  of  the  other  two  logs,  (which 
is  the  fame  thing  as  to  fubtracc  10.00000  5)  and 
that  will  be  the  log.  of  the  thing  required. 

2.  Making  AB  the  radius . 

* 

Secant  A  :  AC  :  :  R  :  AB. 

Secant  A  :  AC  :  :  T.  A  :  BC. 

*  i.  e. 
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i»  e.  As  the  fecant  of  A  46°.  30' 
is  to  AC,  2 50 

So  is  radius  90° 

10.16219 

2*39794 

10.00000 

12.39794 

to  AB, 

172.  1 

2-2  3575 

As  the  fecant  of  A 
is  to  AC, 

So  is  the  tangent  of  A 

46°.  30' 
250 
46°.  3<y 

IO.162  I9 

2-39794 

10.02275 

1 2.42069 

to  BC. 

181.  4 

2.25850 

3.  Making  BC  the  radius 
Sec.  G  :  AC  :  :  R  :  BC. 
Sec.  C  :  AC  :  :  T.  C  :  AB. 
i.  e.  As  the  fecant  of  C 
is  to  AC, 

So  is  radius 


to  BC, 

As  the  fecant  of  C 
is  to  AC, 

So  is  the  tangent  of  C 


43°*  3°' 
250 

90° 

10.13944 

2.39794 

i 0.60000' 

12,39794 

181.  4 

2.25850 

43°-  3°' 
250 

43°-  3°' 

10.13944 

2.39794 

9.97725 

12.37519 

172.  1 

2-23575 

the  other 

may  be  ob- 

to  AB, 


^  ,  **«•»***£,  *'■ - - - 7 

tained  by  cor.  2.  theo.  14.  fe£t.  1. 

By  Gunter's  Scale . 

On  this  fcale  there  are  lines  of  numbers,  fines, 

M  and 
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and  tangents,  as  well  as  lines  of  fine  and  tangent 
rumbs,  verfed  fines,  meridional  parts,  and  equal 
parts :  but  the  three  firft  lines  are  fufficient  for  our 
prefent  purpofe. 

The  divifions  on  thefe  refpe&ive  lines,  are  the 
logarithms  of  numbers,  lines,  and  tangents,  taken 
from  a  fcale  of  equal  parts,  and  applied  on  the 
lines  of  the  fcale. 

The  firft  and  third  terms  in  the  foregoing  pro¬ 
portions,  being  of  a  like  nature,  and  thofe  of  the 
fecond  and  fourth  being  alfo  like  to  each  other  ; 
and  the  proportions  being  direct  ones,  it  follows  ; 
that  if  the  third  term  be  greater  or  lefs  than  the 
firft,  the  fourth  term  will  be  alfo  greater  or  lefs 
than  the  fecond :  therefore  the  extent  in  your 
compafles,  from  the  firft  to  the  third  term,  will 
reach  from  the  fecond  to  the  fourth. 

Thus,  to  extend  the  firft  of  the  foregoing  pro¬ 
portions  * 

1.  Extend  from  90°  to  46°.  30',  on  the  line  of 
fines ;  that  diftance  will  reach  from  250  on  the  line 
of  numbers,  to  1S1,  for  BC. 

2.  Extend  from  90°  to  430.  30',  on  the  line  of 
fines  ;  that  diftance  will  reach  from  250  on  the  line 
of  numbers,  to  172,  for  AB. 

If  the  firft  extent  be  from  a  greater,  to  a  lefs 
number ;  when  you  apply  one  point  of  the  com- 
paftes  to  the  fecond  term,  the  other  muft  be  turned 
to  a  lefs ;  apd  the  contrary. 

■  V* 

By  def.  22.  fe£L  1.  The  fine  of  90°  is  equal  io 
the  radius ;  and  the  tangent  of  45°  is  alfo  equal 
to  the  radius ;  becauie  if  one  angle  of  a  right 

Z  angled 
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angled  triangle  be  450,  the  other  will  be  alfo  450  ; 
and  thence  (by  the  lemma  preceding  theo.  7. 
fed:.  1.)  the  tangent  of  450  is  equal  to  the  ra¬ 
dius :  for  this  reafon  the  line  of  numbers  of 
10.00000,  the  fine  of  90°,  and  tangent  of  450  be¬ 
ing  all  equal,  terminate  at  the  fame  end  of  the 
fcale  ;  where  there  are  fmall  brafs  centers,  ufually 
placed  to  preferve  the  fcale. 

It  was  faid  before,  that  the  tangents  ended  at 
450  ;  but  becaufe  the  logarithms  of  tangents  more 
than  450,  mull  pafs  off  the  fcale ;  fuch  diftances 
therefore,  as  exceed  450,  are  fet  backwards  from  45, 
and  numbered  50,  60,  70,  £sf<r. 

There  is  no  line  of  fecants  on  the  fcale ;  for 
every  thing  requifite  can  be  performed  without 
them. 

Thus  the  two  firft  Ratings  of  this  cafe,  anfwer  the 
queftion  without  a  fecant :  the  like  will  be  alfo 
made  evident  in  all  the  following  cafes. 

CASE  2. 

The  bafe  and  angle  given  ;  to  find  the  perpendicular  and 

hypothenufe . 

Plate  V.  fig.  5. 

In  the  triangle  ARC  there  is  the  angle  A  42°. 
2o;,  and  of  courfe  the  angle  C  470.  40  (by  cor. 
2.  theo.  5.)  and  the  leg  AB  190,  given  \  to  find 
BC  and  AC. 

Geometrically. 

Make  the  angle  CAB  (by  prob.  16.  fe£t.  1.)  in 
blank  lines,  as  before.  From  a  fcale  of  equal  parts, 
lay  190  from  A  to  R;  on  the  point  B,  ere<R  a  per¬ 
pendicular  BC  (by  prob.  5.  fe£l.  1.)  the  point 

where 
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where  this  cuts  the  other  blank  line  of  the  angle, 
will  be  C;  fo  is  the  triangle  ABC  conftru&ed. : 
let  AC  and  BC  be  meafured  from  the  fame  fcale 
of  equal  parts  that  A3  was  taken  from,  and  you 

have  the  anfwer.  , 

* 

By  Calculation . 
i.  Making  AC  the  radius . 


S.  C  :  AB  :  :  R  :  AC. 

S.  C  :  AB  :  :  S.  A  :  BC. 


i.  e.  As  the  fine  of  C 
is  to  AB, 

So  is  radius 

470.  40' 
190 

90° 

9.86879 

2.27875 

10.00000 

12.27875 

to  AC. 

2  57 

2.40996 

As  the  line  of  C 
is  to  AB, 

So  is  the  fine  of  A 

47°.  40' 

I9O 

42°.  20' 

9.86879 

2.27875 

9.82830 

12.10705 

to  BC, 

*73-  * 

2.23826 

2.  Making  AB  the  radius . 

R  :  AB  :  :  T.  A  :  BC. 

R  ;  AB  :  :  Sec.  A  :  AC. 


i«  e.  As  radius  900  10.00000 

is  to  AB,  190  2.27875 

So  is  the  tangent  of  A  420.  20'  9*95952 


to  BC., 


2.23827 


As 
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As  radius 
is  to  AB, 

So  is  the  fecant  of  A 

9  o° 

190 

42°.  20' 

10.00000 
2.27875 
10.13  I  21 

to  AC, 

» 

257 

2.40996 

3.  Making  BC  the  radius . 

T.  C  :  AB  :  :  Sec 
T.  C  :  AB  :  :  R 

.  C  :  AC. 

:  BC. 

As  the  tangent  of  C 
is  to  \  B, 

So  is  the  fecant  of  C 

47°.  40' 
190 

470.  40' 

IO.O4048 
2.27875 
IO.  1  7170 

12.45045 

to  AC, 

2  57 

2.40997 

As  the  tangent  of  C 
is  to  AB, 

So  is  radius 

47°.  40' 

19° 

90° 

*  * 

IO.O4048 

2.27875 

40.00000 

12.27875 

to  BC, 

•  I73"  1 

2.23827 

Or,  having  found  one  of  the  required  fides,  the 
other  may  be  obtained,  by  one  or  the  other  of  the 
cors.  to  theo.  14.  fe£t.  1* 

By  Gunter’s  Scale . 

1.  When  AC  is  made  the  radius. 

Extend  from  470.  40',  fb  900  on  the  line  of 

fines  ; 
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fines ;  that  diftance  will  reach  from  190  to  257, 
on  the  line  of  numbers,  for  AC. 

2.  When  AR  is  made  the  radius,  the  firft  Hat¬ 
ing  is  thus  performed. 

Extend  from  450  on  the  tangents  (for  the  tan¬ 
gent  of  450  is  equal  to  the  radius,  or  to  the  fine 
of  900,  as  before)  to  420.  20' ;  that  extent  will 
reach  from  190,  on  the  line  of  numbers,  to  173, 
for  BC. 

3.  When  BC  is  made  the  radius,  the  fecond 
Hating  is  thus  performed. 

Extend  from  470.  40',  on  the  line  of  tangents, 
to  450,  or  radius  ;  that  extent  will  reach  from  190 
to  173,  on  the  line  of  numbers,  for  BC ;  for  the 
tangent  of  470.  40',  is  more  than  the  radius , 
therefore  the  fourth  number  muH  be  lefs  than  the 
fecond,  as  before. 

The  two  firH  Hatings  of  this  cafe,  anfwer  the 
queHion  without  a  fecant. 

CASE  3. 

The  angles  and  perpendicular  given  ;  to  find  the  baf$ 

and  hypothenufe . 

Plate  V.  fig.  6. 

In  the  triangle  ABC,  there  is  the  angle  A  40°, 
and  confequently  the  angle  C  50°,  with  BC  170, 
given ;  to  find  AC  and  AB. 

'Vo. ,  •  i  •  »  *  .o':  . '  o  •■■f 
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Geometrically . 

Make  an  angle  CAB  of  40°  in  blank  lines ;  (by 
prob.  16.  fed.  1.)  with  BC  170,  from  a  line  of 
equal  parts,  draw  the  popped  lines  EF  parallel  to 
AB  (by  prob.  8.  fedt.  1.)  the  lower  line  of  the 
angle,  and  from  the  point  where  it  cuts  the  other 
line  in  C,  let  fail  a  perpendicular  BC  (by  prob.  7. 
fed.  1.)  and  the  triangle  is  conftructed  :  the  mea- 
fures  of  AC  and  AB,  from  the  fame  fcale  that 
BC  was  taken,  will  anfwer  the  queftion. 

What  has  been  faid  in  the  two  foregoing  cafes, 
is  fufficient  to  render  the  operations  in  this,  both 
by  calculation  and  Gunter’s  fcale,  fo  obvious,  that 
it  is  needlefs  to  infert  them  ;  however,  for  the  fake 
of  the  learner,  we  give  for 

Anfwer,  AC  264.  5,  and  AB  202.  6. 
CASE  4. 

The  bafe  and  hypothenufe  given  ;  to  find  the  angles 

and  perpendicular . 

Plate  V.  fig.  7. 

In  the  triangle  ABC,  there  is  given,  AB  30° 
and  AC  500 :  the  angles  A  and  C,  and  the  per*- 
pendicular  BC,  are  required. 

Geometrically . 

From  a  fcale  of  equal  parts,  lay  300  from  A  to 
B  ;  on  B  eredt  an  infinite  blank  perpendicular  line, 
with  AC  £;oo,  from  the  fame  fcale,  and  one  foot 
of  the  compafs,  in  A,  crofs  the  perpendicular  line 
in  C  ;  and  the  triangle  is  conftrudted. 


By 
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By  prob.  17.  fe&.  1.  Meafure  the  angle  A,  and 
let  BC  be  meafured  from  the  fame  fcale  of  equal 
parts  that  AC  and  AB  were  taken  from j  and  you 
have  the  anfwer. 


By  Calculation . 

1.  Making  AC  the  radius « 

AC  :  R  :  :  AB  :  S.C. 

R  :  AC  :  :  S.A  :  BC- 


x.  e.  As  AC 

is  to  radius, 
So  is  AB 

500  2.69897 

90°  10.00000 

300  2.47712 

12.47712 

to  the  fine  of.  C,  36°.  52'  9.77815 

By  cor.  2.  the|). 
the  angle  A. 

5.  90°— 36°-  52' =  53°.  08' 

As  radius 
is  to  AC, 

So  is  the  fine  of  A 

90°  10.00000 

500  2.69897 

53°.  08'  9-9°301 

to  BC, 

400  2.60I98 

2.  Making  AB  the  radius . 


AB  :  R  :  :  AC  :  fee.  A. 

R  :  AB  :  :  T.  A  :  BC. 

i.  e. 


PLANE  TRIGONOMETRY.  3g 


i.  e.  As  AB 

3°° 

2.47712 

is  to  radius, 

90° 

10.00000 

So  is  AC 

5°° 

2.69897 

1 2.69897 

to  the  fecant  of  A,  530.  08' 

10.22185 

As  radius 

90° 

i  0.00000 

is  to  AB, 

3°° 

2.47712 

So  is  the  tangent  of  A 

OO 

O 

. 

0 

co 

10.12499 

to  BC, 

400 

2.6021  i 

Or  BC  may  be  found  from  cor.  2.  theo.  14* 

fed.  1 . 


By  Gunter's  Scale . 

1.  Making  AC  the  radius. 

Extend  from  500  to  300,  on  the  line  of  num= 
bers ;  that  extent  will  reach  from  90°,  on  the  line 
of  fines,  to  36°.  52'  for  the  angle  C. 

4r  ■' 

Again,  Extend  from  90°  to  53°.  08',  on  the 
line  of  fines,  that  extent  will  reach  from  500  to 
400,  on  the  line  of  numbers,  for  BC. 

2.  Making  AC  the  radius,  the  fecond  Rating  is 
thus  performed. 


Extend  from  radius,  or  the  tangent  of  450,  to 
530.  08 ,  that  extent  will  reach  from  300  to  40c, 
for  BC. 

CASE 


N 
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CASE  5. 

The  perpendicular  and  hypothenufe  given,  to  find  the 

angles  and  hafie . 

Plate  V.  fig.  8. 

In  the  triangle  ABC  there  is  BC  306,  and  AC 
370,  given ;  to  find  the  angles  A  and  C,  and  the 
bale  AB. 

Geometrically . 

Draw  a  blank  line  from  any  point,  in  which, 
at  B,  ere&  a  perpendicular,  on  which  lay  B  306, 
from  a  fcale  of  equal  parts :  from  the  fame  fcale, 
with  AC  370,  in  the  compaffes,  crofs  the  firfl 
drawn  blank  line  in  A ,  and  you  have  the  triangle 
ABC  conltructed. 

Meafure  the  angle  A  (by  prob.  17.  fed.'  1.); 
and  alio  B,  from  the  fame  fcale  of  equal  parts 
the  other  tides  were  taken  from,  and  you  have  the 
anfwer. 

The  operations  by  calculation,  the  fquare  root, 
and  Gunt4#Ps  fcale,  are  here  omitted,  as  they  have 
been  heretofore  fully  explained :  the  datings,  or 
proportions  mud  alfo  be  obvious,  from  what  has 
already  been  faid. 

Anfwer.  The  angl<?  A  550.  48  ;  therefore  the 
angle  C  340.  12',  and  AB  20 3. 

,  7  ’•  C  A  S  E 
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CAS  E  6. 

The  bafe  and  perpendicular  given;  to  find  the  an¬ 
gles  and  hypothenufe . 

Plate  V.  fig.  9. 

In  the  triangle  ABC,  there  is  AB  225?  a*id  EG 
272,  given;  to  find  the  angles  A  and  C,  and  the 
hypothenufe  AC. 


Geometrically .  If 

1  ■  -•  V- 

Draw  a  blank  line,  on  which  lay  AB  225*  fiom 
a  fcale  of  equal  parts ;  at  B,  ered  a  perpendicular ;  \ 
on  which  lay  *  0,^272,  from  the  fame  fcale ;  join  < 
A  and  >  ,  and  the  triangle  is  con(lru£ted. 

As  before,  let  the  angle  A,  and  the  hypothenufe 
AC  be  meafured ;  and  you  have  the  anfwer.  ♦ 

'  By  Calculation, 

1.  Making  AB  the  radius . 

AB  :  R  :  :  BC  :  T.  A. 

R  :  AB  :  :  Sec.  A  :  AC. 

2.  Making  BC  the  radius , 

BC  :  R  :  :  AB  :  T.  C. 

R.  :  BC  :  :  Sec.  C  :  AC. 

By  calculation ;  the  anfwer  from  the  foregoing 
proportions  is  eafily  obtained,  as  before. 


But 
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But  becaufe  AC,  by  either  of  the  faid  proportions, 
is  found  by  means  of  a  fecant ;  and  fince  there  is 
no  line  of  fecants  on  Gunter’ s  fcale ;  after  having 
found  the  angles,  as  before,  let  us  fuppofe  AC  the 
radius,  and  then 

i.  S.  A  :  BC  :  :  R.  :  AC. 

or,  2.  S.  C  ;  AB  :  :  R.  :  AC* 

\  ,  ..  ;  *  . 

Thefe  proportions  may  be  eafdy  refolved,  either 
by  calculation  or  Gunter’s  fcale,  as  before;  and 
thus  the  hypothenufe  AC  may  be  found  without  a 
fecant. 

From  the  two  given  legs,  the  hypothenufe 
may  be  egfily  obtained,  from  cor.  i.  theo.  14. 
fe£L  1 . 

Thus  the  fquare  of  AB=  50625 

Add  the  fquare  of  BC  =5=  73984 


124609(353  =  AC 

9 


65)346 

325 

703)2109 

2109 


From  what  has  been  faid  on  logarithms,  it  is 
plain, 

1.  That  half  the  logarithm  of  the  fum  of  the 
fquares  of  the  two  Tides,  will  be  the  logarithm  of 
the  hypothenufe.  Thus, 

The  fum  of  fquares,  as  before,  is  1 24609  ;  its 
log.  is  5.09554,  the  half  of  which  is  2.54777  ; 

and 
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and  the  correfponding  number  to  this,  in  the  tables, 
will  be  353,  for  AC. 

2.  And  that  half  of  the  logarithm  of  the  dif¬ 
ference  of  the  fquares  of  AC  and  AB,  or  of  AC 
and  BC,  will  be  the  logarithm  of  BC,  or  of  AB. 

The  following  examples  are  inferted  for  the  ufa 
of  the  learner. 


The  anfwers  are  omitted,,  that  the  learner  may 
refolve  them  himfelf  by  the  foregoing  methods  j 
by  which  means  he  will  find  and  fee  more  diftin£tly 
their  mutual  agreements ;  and  become  more  ex¬ 
pert,  and  the  better  acquainted  with  the  fubjeft. 


OBLIQUE 


OBLIQUE  ANGULAR  PLANE 
-  TRIGONOMETRY. 


BEFORE  we  proceed  to  the  folution  of  the  four 
cafes  of  Oblique  angular  triangles,  it  is  necef- 
fary  to  premife  the  following  theorems. 

T  H  E  0.  I. 

Plate  V.  .  '  . 5 

In  any  plane  triangle  ABC ,  the  fides  are  propor¬ 
tional  to  the  fines  of  their  oppofite  angles ,  i.  e.  S .  C : 

AB  *  ••  s.  A  :  BC,  and  S.  C  :  AB  :  :  S.  B  :  AC  ; 
olfo  S.  B  :  AC  :  :  5.  A  :  BC .  fig.  10. 

By  theo.  io.  feci.  i.  the  half  of  each  fide  is 
the  line  of  its  oppofite  angle  ;  but  the  fines  of 
thole  angles,  in  tabular  parts,  are  proportional  to 
the  lines  of  the  fame  in  any  other  meafure ;  and 
therefore,  the  fines  of  the  angles  will  be  as  the 

halves  of  their  oppofite  fides  :  and  fince  the  halves 

are  as  the  wholes,  it  follows,  that  the  lines  of  their 
angles  are  as  their  oppofite  fides,  i.  e.  S.  C  ;  AB 
;  :  S.  A  :  BC,  6y.  *Q^E.  D. 

r  H  E  0 .  II. 

✓ 

In  any  plane  triangle  ABC ,  the  fium  of  the  two 
given  fides  AB  and  BC ,  including  a  given  angle  ABC , 
is  to  their  difference ,  as  the  tangent  of  half  the  fium 

if  the  two  unknown  angles  A  and  C  is  to  the  tangent 

of  half  their  difference .  Fig .  1 1 . 


Produce 
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Produce  AB  and  make  HB  =  BC,  and  join  HC  : 
let  fall  the  perpendicular  BE,  and  that  will  bifed 
the  angle  HBC  (by  theo.  9.  feci.  1.)  through  B 
draw  BD  parallel  to  AC,  and  make  HF  =  DC,  and 
join  BF  ;  take  BI— BA,  and  draw  IG  parallel  to 
BD  or  AC. 


It  is  then  plain,  that  AH  will  be  the  fum,  and 
HI  the  difference  of  the  fides  AB  and  BC  :  and 
fince  HB  =  BC,  and  BE  perpendicular  to  HC? 
therefore  HE  =  EC  (by  theo.  8-  fed.  1.)  ;  and 
fince  B  A=  61,  and  BD  and  IG  parallel  to  AC,  there¬ 
fore  GD—  DC  =  FH,  and  confequently  HG  =  FD, 
and  f  HG  =  C  FD  or  ED.  Again,  EBC  being  half 
HBC,  will  be  alfo  half  the  fum  of  the  angles  A 
and  C  (by  theo.  4.  fed.  1.)  Alfo,  fince  HB,  PIF, 
and  the  included  angle  H,  are  feveraily  equal  to 
B*'  ,  D,  and  the  included  angle  BCD ;  therefore 
(by  theo.  6.  fed.  1.)  HBF  =*  DBG  ==  BCA  (by 
part  2.  theo.  3.  fed.  1.)  and  fince  HBD  ==  A  (by 
part  3.  theo.  3.  fed.  1.)  and  HBF  =  BCA  ;  there¬ 
fore  BFD  is  the  difference,  and  EBD,  half  the 
difference  of  the  angles  A  and  C  :  then  making 
BE  the  radius,  it  is  plain,  that  EC  will  be  the  tan¬ 
gent  of  half  the  fum,  and  ED  the  tangent  of  half  the 
difference  of  the  two  unknown  angles  A  and  C  :  now 
IG  being  parallel  to  AC  ;  AH  :  IH  :  :  CH  :  GEL 
(by  cor.  1.  theo.  2c.  fed.  1.)  But  the  wholes  are 
as  their  halves,  i.  e.  AH  :  IH  :  :  CE  :  ED,  that  is, 
as  the  fum  of  the  two  Tides  AB  and  BC,  is  to 
their  difference  ;  fo  is  the  tangent  of  half  the  fum 
of  the  two  unknown  angles  A  and  C,  to  the  tan¬ 
gent  of  half  their  difference.  (X  E.  I). 


T  H  E  0. 
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t  H  E  0.  III. 

in  any  right  lined  plane  triangle  ART) ;  the  hafe 
AD ,  will  be  to  the  fum  of  the  other  fides ,  AB, 
BD ,  as  the  difference  of  thofe  fides ,  is  to  the  dif¬ 
ference  of  the  fegments  of  the  bafe ,  made  by  the  per¬ 
pendicular  BE  ;  viz.  the  difference  between  AE  and 
ED.  fig .  1 2 . 

Produce  ED,  till  BG  AB  the  lelTer  leg  ;  and 
on  B  as  a  center,  with  the  diftance  BG  or  BA, 
deferibe  a  circle  AGKF  ;  which  will  cut  BD,  and 
AD  in  the  points  H  and  F  :  then  it  is  plain,  that 
GD  will  be  the  fum,  and  HD  the  difference  of 
the  lides  AB  and  BD  ;  alfo  fmee  AE  =  EF  (by 
theo.  8.  fed.  i.)  therefore,  FD  is  the  difference 
of  AE  and  ED,  the  fegments  of  the  bafe  :  but  (by 
theo.  17.  fed.  1.)  AD  :  GD  :  :  FID  :  FD  ;  that 
is,  the  bafe  is  to  the  fum  of  the  other  fides,  as  the 
difference  of  thofe  fides,  is  to  the  difference  of  the 
fegments  of  the  bafe.  (L  E.  D. 

T  H  E  0.  IV. 


If  to  half  the  fum  of  two  quantities ,  be  added 
half  their  difference ;  the  fum  will  be  the  greaiefi 
cf  than :  and  if  from  half  the  fum  be  fub trailed 
half  their  difference  ;  the  remainder  will  be  the  leajl 
of  them.  ''Erg.  13. 


Let  the  two  quantities  be  reprefented  by  AB 
and  BG  ;  (making  one  continued  line;)  whereof 
is  the  greatelt,  and  13C  the  lead  ;  idled  the 


wlio'-e  line  AC 


•  1  ? 
1 11  P 


and  make  AD 


then 

it 
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it  is  plain,  that  AC  is  the  fum,  and  DB  the  dif¬ 
ference  of  the  two  quantities  ;  and  AE  or  EC,  their 
half  fum,  and  DE  or  EB,  their  half  difference.  Now 
if  to  All,  we  add  EB,  we  fhall  have  AB,  the  greateft 
quantity ;  and  if  from  EC  we  take  EB,  we  ihail 
have  BC  the  leafl  quantity.  Ch  E.  D. 

Cor.  Hence,  if  from  the  greateft  of  two  quan¬ 
tities,  we  take  half  the  difference  of  them,  the 
remainder  will  be  half  their  fum ;  or  if  to  half 
their  difference  be  added  the  leaft  quantity,  their 
fum  will  be  half  the  fum  of  the  two  quantities. 

OBLIQUE  ANGULAR 
TRIGONOMETRY. 

*  I  1  WO  fides ,  and  an  angle  oppofite  to  one  of  them 

j  given  ;  to  find  the  other  angles  and  fide , 

In  the  triangle  ABC ,  there  is  given  AB  240,  the 
angle  A  4 6°.  30',  and  BC  200  ;  to  find  the  angle  C.}  be¬ 
ing  acute ,  the  angle  A,  and  the  fide  AC,  fig,  14. 

Geometrically, 

Draw  a  blank  line,  on  which  fet  AB  240,  from 
a  fcale  of  equal  parts ;  at  the  point  A,  of  the 
line  AB,  make  an  angle  of  46°.  30',  by  an  infi¬ 
nite  blank  line  ;  with  BC  200,  from  a  like  fcale  of 
equal  parts  that  AB  was  taken,  and  one  foot  in  B, 
defcribe  the  arc  DC  to  cut  the  laft  blank  line  in 
the  points  D  and  C.  Now  if  the  angle  C  had 
been  required  obtufe,  lines  from  D  to  B,  and 

o  /  to 


98  PLANE  TRIGONOMETRY. 

Plate  V. 

to  A,  would  conftitute  the  triangle ;  but  as  it  is 
required  acute,  draw  the  lines  from  C  to  B,  and  to 
A,  and  the  triangle  ABC  is  conftruded.  From 
a  line  of  chords  let  the  angles  B  and  C  be  mea- 
fured ;  and  AC  from  the  fame  fcale  of  equal  parts 
that  AB  and  BC  were  taken  ;  and  you  will  have 
the  anfwer  required. 


By  Calculation . 


This  is  performed  by 

theo.  1.  of 

this  fed. 

thus  ; 

As  BC 

200 

2.3°io3 

is  to  the  fine  of  A 

46°.  30' 

9.86056 

So  is  AB 

240 

2.38021 

to  the  fine  of  C, 

6o°.  31' 

12.24077 

9-93974 

180 — the  fum  of  the  angles  A  and  C, 

will  give 

the  angle  B ;  by  cor.  1.  theo.  5.  fed.  1. 

A  46°.  30' 

C  60.  31 

l8o - 107.^1^==  7  2°. 

59'  =  B. 

As  the  fine  of  A 

46°.  30’ 

9.86056 

is  to  BC, 

200 

2.3°io3 

So  is  the  fine  of  B 

72°-  59' 

9.98056 

12.28159 

to  AC, 

263.  7 

2.42103 

By 

V 

\ 
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By  Gunter’s  Scale. 

Extend  from  200  to  240,  on  the  line  of  num¬ 
bers  ;  that  diftance  will  reach  from  46°.  30'  on  the 
line  of  fines,  to  6o°.  31'  for  the  angle  C. 

Extend  from  46°.  3c/,  to  720.  59',  on  the  line  of 
fines ;  that  diftance  will  reach  from  200  to  263.7, 
on  the  line  of  numbers,  for  AC. 

CASE  2. 

Two  angles  and  a  fide  given;  to  find  the  other 
fdes. 

In  the  triangle  ABC,  there  is  the  angle  A  46°.  30', 
AB  230,  and  the  angle  B  370.  30',  given ,  to  find  AC 
and  BC .  fig.  15.  • 

Geometrically . 

Draw  a  blank  line,  upon  which  fet  AB  230, 
from  a  fcale  of  equal  parts ;  at  the  point  A  of 
the  line  AB,  make  an  angle  of  46°.  30',  by 
a  blank  line ;  and  at  the  point  B  of  the  line  AB, 
make  an  angle  of  370.  30',  by  another  blank 
line ;  the  interfedion  of  thofe  lines  gives  the 
point  C,  fo  is  your  triangle  ABC  conftruded. 
Meafure  AC  and  BC  from  the  fame  fcale  of  equal 
parts  that  AB  was  taken  ;  and  you  have  the  am 
fwer  required. 

By  Calculation. 

By  (cor.  1.  theo.  5.  fed.  1.)  i8q — > the  fum 
of  the  angles  A  and  B  —  C.  A* 

^  A  46°. 
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A  46°.  30' 

B  37.  30 

1 8o°— 84.  00  =  96°.  00'  =  C» 

By  def.  29.  fe6l.  1.  The  fine  of  96°=pthe 
fine  of  84°,  which  is  the  fupplement  thereof  \ 
therefore  inftead  of  the  fine  of  9 6°,  look  in  the 
tables  for  the  fine  of  84°. 

.  y  * 


By  theo.  1.  of  this  fed« 


As  the  fine  of  C 
is  to  AB, 

So  is  the  fine  of  A 

9 6°.  oo' 
230 
46°.  30' 

9.99761 

2 -36i73 
9.86056 

12.22229 

to  BC, 

,  w 

CA 

OO 

2.22468 

f 

As  the  fine  of  C 
is  to  AB, 

So  is  the  fine  of  B 

96°.  oo' 
230 

37°.  30' 

9.99761 

2.2617-2 

9-78445 

I2.I4618 

to  AC, 

OO 

6 

M 

2.14857 

By  Gunter's  Scale . 

Extend  from  84°  (which  is  the  fupplement  of 
96°)  to  46°.  30'  on  the  fines  ;  that  diftance  w7ill 
reach  from  230  to  168,  on  the  line  of  numbers, 
for  BC. 


Extend 
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Extend  from  84°  to  370.  30',  on  the  fines;  that 
extent  will  reach  from  230  to  14 1,  on  the  line  of 
numbers 5  for  AC. 

CASE  3. 

Two  fides  and  a  contained  angle  given;  to  find 
the  other  angles  and  fide . 

In  the  triangle  ABC ,  there  is  AB  240,  the  angle 
A  36°  40/  and  AC  180,  given;  to  find  the  angles 
C  and  and  the  fide  BC.  fig,  16. 

Geometrically . 

Draw  a  blank  line,  on  which  from  a  fcale  of 
equal  parts,  lay  AB  240  ;  at  the  point  A  of  the 
line  AB,  make  an  angle  of  36°.  4c/,  by  a  blank 
line;  on  which  from  A,  lay  AC  180,  from  the 
fame  fcale  of  equal  parts  ;  meafure  the  angles  C 
and  B,  and  the  tide  BC,  as  before  ;  and  you  have 
the  anfwer  required. 

By  Calculation . 

By  cor.  1.  theo.  5.  fed*.  1.  180 — the  angle 

A  36°.  40'=  1430.  20'  the  fum  of  the  angles  C 
and  B  :  therefore  half  of  1430.  20',  will  be  half  the 
fum  of  the  two  required  angles,  C  and  B. 

By  theo.  2.  of  this  fed. 

As  the  fum  of  the  two  fides  AB  and  AC  420 
is  to  their  difference,  60 

So 
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So  is  the  tangent  of  half  the  fum  of  7  o  , 
the  two  unknown  angles  C  and  B  3  7 1  •  4° 

to  the  tangent  of  half  their  difference  230.  201 

By  theo.  4. 

To  half  the  fum  of  the  angles  C  and  B  71°.  40' 
Add  half  their  difference  as  now  found  23.  20 

The  fum  is  the  greateft  angle,  or  ang.  C*  95.  00 

Subtract,  and  you  have  the  leaft  angle,  or  B  48.  20 


The  angles  C  and  B,  being  found  ;  BC  is  had, 
as  before,  by  theo.  1.  of  this  fed.  Thus, 

S.  B  :  AC  :  :  S  :  A  :  BC. 

48°.  2o'  l8o  36°.  40'  I43.  9. 

By  G  Miter’s  Scale. 

Becaufe  the  two  firff  terms  are  of  the  fame 
kind  extend  from  420  to  60  on  the  line  of 
numbers ;  lay  that  extent  from  450  on  the  line  of 
tangents,  and  keeping  the  left  leg  of  your  com¬ 
pares  fixed,  move  the  right  leg  to  710.  40';  that 
diflance  laid  from  450  on  the  fame  line,  will 
reach  to  230.  30',  the  half  difference  of  the  re¬ 

quired  angles.  Whence  the  angles  are  obtained, 
as  before. 

The  fecond  proportion  may  be  eafily  extended, 
from  what  has  been  already  faid. 


CASE 
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CASE  4. 

The  Jides  given,  to  find  the  angles , 

In  the  triangle  ABC,  there  is  given,  AB  64,  AC  47, 
BC  34:  the  angles  A ,  B,  C ,  are  required.  Fig.  17. 

Geometrically. 

The  conftruftion  hereof  mu  ft  be  manifeft,  from 
prob.  1.  fedt.  1. 

By  Calculation. 

From  the  point  C,  let  fall  the  perpendicular 
CD  on  the  bafe  AB ;  it  will  divide  the  triangle 
into  two  right  angled  ones,  ADC  and  CBD ;  as 
well  as  the  bafe  AB,  into  the  two  fegments,  AD 
and  DB. 

AC  47 
BC  34 

Sum  81 
Difference  1 3 


By  theo.  3.  of  this  fedh 


As  the  bafe  or  the  longeft  fide,  AB  64 

is  .to  the  fum  of  the  other  fides,  AC  and  BC,  8  r 
So  is  the  difference  of  thofe  fides 

to  the  difference  of  the  fegments  of 
the  bafe  AD,  DB. 


1 6.46 
By 


* 
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By  theo.  4.  of  this  fetfc. 

To  half  the  bafe,  or  to  half  the  fum  7 
of  ihe  fegments  AD  and  DB  \  J 
Add  half  their  difference,  now  found,  8.23 


Their  fum  will  be  the  greateft  fegment  AD  40.23 


Subtrad,  and  their  difference  will  be 
the  leaff  fegment  DB,  - 


^3-77 


In  the  right  angled  triangle  ADC,  there  is 
AC  47,  and  AD  40.  23,  given,  to  find  the  an¬ 
gle  A. 

This  is  refolved  by  cafe  4.  of  right  angled  plane 
„  trigonometry,  thus, 

At)  :  R  :  :  AC  :  Sec.  A. 

40.  23  :  90°.  :  :  47  :  310.  oB; 

Or  it  may  be  had  by  finding  the  angle  ACD, 
the  complement  of  the  angle  A ;  without  a  fecant, 
thus, 

AC  :  R  :  :  AD  :  S.  ACD. 

>47  :  90°  :  :  40.  23  :  58°.  52* 

9c — 58°.  52'=  3 1°.  o8',  the  angle  A. 

Then,  by  theo.  1.  of  this  feet. 

BC  :  S.  A  :  :  AC  :  S.  B. 

34  :  3 1".  08'  :  :  47  :  45°-  37'- 

By 


* 
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By  cor.  1.  theo.  5.  fed.  1  *  180 — the  fum  of 

A  and  B  —  C. 

A  3I0.  08' 

B  45-  37 

180 — 76.  45=103°.  15',  the  angle  C. 


By  Gunter’s  Scale . 

The  firft  proportion  is  extended  on  the  line  of 
numbers ;  and  it  is  no  matter  whether  you  extend 
from  the  firft  to  the  third,  or  to  the  fecond  term, 
fmce  they  are  all  of  the  fame  kind:  If  you  extend 
to  the  fecond,  that  diftance  applied  to  the  third, 
will  give  the  fourth ;  but  if  you  extend  from  the 
firft  to  the  third,  that  extent  will  reach  from  the 
fecond  to  the  fourth. 

The  methods  of  extending  the  other  proportions 
have  been  already  fully  treated  of. 

An  example  in  each  cafe  of  oblique  angular  tri¬ 
gonometry. 

f  AC  290  1  A 

1.  Given,  C  69°.  30  >  B  required* 

C  AB  350  j  BC 

f  C  24°.  20  B  A3 

2.  Given,  <  B  128.  30  >  required* 

C  AC  32416)  BC 


6AC  6  BA 

3.  Given,  <  C  1240.  30'  >B  required. 

(  BC  4.  5  )  A  B 

/ 

P  C  ;  -4.  Given 

w 
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rAB  46  A 

4.  Given,  <  AC  92  [  B  required. 
CBC  52)0 


Having  thus  gone  through  plane  trigonometry, 
we  {hall  now  proceed  to  apply  the  fame,  in  deter¬ 
mining  the  meafures  of  inacceinble  heights  and 
diftances.  And  firft, 


i 


fTgv—-  *==  -  ~ss  ==s— «===^====s= - =a= - ~^j3 

Cj^'iw - ===== — 1 — -~  •  -  -  „.• ----^-»,.^a 
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THE  inftxument  of  lead  expence  for  taking 
heights,  is  a  quadrant,  divided  into  90  equal 
parts  or  degrees ;  and  tnofe  may  be  fubdi viced 
into  halves,  quarters,  or  eighths,  according  to  the 
radius,  or  fize  of  the  inftrument  :  its  conftruojon 
will  be  evident  by  the  fcheme  thereof.  (Fig.  ib.) 

From  the  center  of  the  quadrant  let  a  plummet 
be  fufpended  by  a  horfe  hair,  or  a  fine  filk  thread, 
of  fuch  a  length  that  it  may  vibrate  freely,  near 
the  edge  of  its  arc:  by  looking  along  its  edge 
AC,  to  the  top  of  the  object  whole  height  is  re¬ 
quired  ;  and  holding  it  perpendicular,  fo  that  the 
plummet  may  neither'  Iwing  from  it,  nor  lie  on  it ; 
the  degree  then  cut  by  the  hair,  or  thread,  will  be 
the  angle  of  altitude  required. 

If  the  quadrant  be  fixed  upon  a  ball  and  focket, 
on  a  three-legged  (faff,  and  if  the  item  from  the 
ball  be  turned  into  the  notch  of  the  focket,  fo  as 
to  bring  the  inftrument  into  a  perpendicular  por¬ 
tion,  the  angle  of  altitude  by  this  means,  can  be 
acquired  with  much  greater  certainty. 
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Plate  .V. 

An  angle  of  altitude  may  be  alfo  taken  by  any 
of  the  iniTruments  ufed  in  furveying  ;  as  fhall  be 
particularly  /hewn,  when  we  treat  of  their  defcrip- 
tions  and  ufes. 


Mcft  quadrants  have  a  pair  of  fights  fixed  on 
the  edge  AC,  with  frnail  circular  holes  in  them  ; 
which  are  ufeful  in  taking  the  fun’s  altitude,  requi- 
fite  to  be  known  in  many  aftronomical  cafes  ;  this 
is  effected  by  letting  the  fun’s  ray,  which  paffes 
thro’  the  upper  fight,  fall  upon  the  hole  in  the 
lower  one  ;  and  the  degree  then  cut  by  the  thread, 
will  be  the  angle  of  the  fun’s  altitude ;  but  thofe 
fights  are  ufelefs  for  our  preient  purpofe,  for  look¬ 
ing  along  the  quadrant’s  edge  to  the  top  of  the  ob¬ 
ject  will  be  fufficient,  as  before. 

vfr  .  ‘  -  -V?  e  / 

F  R  0  B.  I. 

Plate  V.  fig.  19, 

Fo  find  the  height  of  a  perpendicular  cbjeft  at  one 
ficition ?,  which  is  on  an  horizontal  plane . 


A  fieeple. 


Given,  < 


1 


The  angle  of  altitude,  53  degrees. 
Difiance  from  the  cbferver  to  the  foot  of 
the  fieeple,  or  the  bafe,  85  feet. 
Height  of  the  inftrument,  or  of  the  ob~ 
ferver,  5  feet. 


Required,  the  height  of  the  fieeple. 

The  figure  is  confiru&ed  and  wrought,  in  all 
ret  peers ,  as  cafe  2.  of  right  angled  trigonometry  \ 
only  there  muff  be  a  line  drawn  parallel  to,  and 

beneath 
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Plate  V.  fig.  19. 

beneath  AB  of  5  feet  for  the  obferver’s  height,  to 
reprefent  the  plane  upon  .which  the  ohjebt  Hands ; 
to  which  the  perpendicular  muft  be  continued,  and 
that  will  be  the  height  of  the  object. 

Thus,  AB  is  the  bafe,  A  the  angle  of  altitude, 
BC  the  height  of  the  fteeple  from  the  inilrumem, 
or  from  the  obferver’s  eye,  if  he  were  at  the  foot 
of  it ;  DC  the  height  of  the  fteeple  above  the  ho¬ 
rizontal  furfacev 

Various  ftatings  for  BC,  as  in  cafe  2.  of  right 
angled  plane  trigonometry. 

%  90° 

53  — A 

37  =  C 

1.  S.  C  :  AB  :  :  S.  A  :  BC. 

370  85  530  1 12.  8. 

2.  R,  :  AB  :  :  T.  A  :  BC. 

9°°  3 5  53°  II2-  8- 

3.  T.  C  :  AB  :  :  R.  :  BC. 

37°  85  9°°  II2*  8. 

To  BC  1 1 2.  8 

Add  DB  5.  the  height  of  the  obferver. 

Their  fum  is  117.  8  or  118  feet,  the  height  of 
the  fteeple  required. 

% 


PROS. 
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Plate  V.  fig.  20. 

To  find  the  height  of  a  perpendicular  objefl ,  on  an 
horizontal  plane  ;  by  having  the  length  of  the  Jhadow 
given* 

Provide  a  rod,  or  fluff,  whofe  length  is  given, 
let  that  be  fet  perpendicular,  by  the  help  of  a  qua¬ 
drant,  thus  ;  apply  the  fide  of  the  quadrant  AC, 
to  the  rod,  or  ftaff ;  and  when  the  thread  cuts 
90°.  it  is  then  perpendicular ;  the  fame  may  be 
done  by  a  carpenter’s,  or  mafon’s  plumb. 

Having  thus  fet  the  rod  or  flafT  perpendicular  ; 
meafure  the  length  of  its  fliadow,  when  the^  fun 
fhines,  as  well  as  the  length  of  the  fliadow  of  the 
object,  whofe  height  is  required ;  and  you  have 
the  proper  requifites  given.  Thus, 

ab,  the  length  of  the  fliadow  of  the  ftaff,  15  feet. 

Zr,  the  length  of  the  ftaff,  10  feet. 

AB,  the  length  of  the  fliadow  of  the  fteeple,  or 
object,  135  feet. 

Required  EC,  the  height  of  the  object. 

The  triangles  abc ,  ABC,  are  ftmilar,  thus : 
the  angle  b  —  B,  being  both  right  ;  the  lines^  ac , 
AC  are  parallel,  being  rays,  or  a  ray  of  the  lun ; 
whence  the  angle  a=A  (by  part  3.  theo.  3.  fedt. 
1.)  and  confequcntly  c  =  C.  1  he  triangles  being 

therefore 
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therefore  mutually  equiangular,  are  fimilar  (by 
theo.  1 6.  fed.  i.)  it  will  be, 

ab  :  be  :  :  AB  :  BC. 

15  10  1 35  90.  the  fteeple’s  height,  re¬ 

quired. 

The  foregoing  method  is  moil  to  be  depended 
on ;  however,  this  is  mentioned  for  variety’s  fake. 

P  R  0  B.  III. 

To  take  the  altitude  of  a  perpendicular  objed ,  at  the 
foot  of  a  hilly  from  the  hill’s  fide . 

Turn  the  center  A  of  the  quadrant,  next  your 
eye,  and  look  along  the  fide  AC,  or  90  fide, 
to  the  top  and  bottom  of  the  objed  ;  and  noting 
down  the  angles,  meafure  the  diftance  from  the 
place  of  obfervation  to  the  loot  of  the  objed. 
Thus, 

f  Angle  to  the  foot  of  the  objed,  550  ~ 


N  0 


rt.  )  or  55°.  i'5' 

Oiven,  ^  Angie  to  the  top  of  it,  310  ^  or  310.  15'. 
(  Diftance  to  the  foot  of  it,  250  feet. 


Required,  the  height  of  the  objed. 

Geometrically . 


Draw  an  infinite  blank  line  AD,  at  any  point 
in  which  A,  make  the  angle  EAB  of  550.  15',  and 
EAC  of  310.  15* ;  lay  250  from  A  to  B  ;  from  B, 
draw  the  perpendicular  BE  (by  prob.  7.  of  geo¬ 
metry)  crofting  AC  in  0  ;  fo  will  BC  be  the  heigftt 

of  the  objed  required. 


In 
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Plate  V,  fig.  21, 

In  the  triangle  ABC,  there  is  given, 

ABE  the  complement  of  ExAB  to  90°,  which  is 
34°*  45  • 

ACB  the  difference  of  the  given  angles  240.  00'. 

The  fide  AB,  250.  Required,  BG 

This  is  performed  as  cafe  2.  of  oblique  angu¬ 
lar  trigonometry.  Thus, 

180—the  fum  of  ABE  34°.  45',  and  CAB  240. 
00'  =  ACB  1210.  15'.  Then, 

S.  ACB  :  AB  :  :  S.  CAB  :  EC. 

1210.  15''  250  240.  00 '  1 19,  the  height  re¬ 

quired. 

P  R  0  B.  IV. 

[  Bo  take  the  altitude  of  a  perpendicular  object ,  on  the 
top  of  a  hill ,  at  one  Jlaiion  ;  when  the  top  and  b$t~ 
torn  of  it  can  be  feen  from  the  foot  of  the  hill . 

Plate  V.  fig.  22, 

As  in  prob.  1.  take  an  angle  to  the  top, 
and  another  to  the  bottom  of  the  object ;  and 
meafure  from  the  place  of  obfervation  to  the 
foot  of  the  object,  and  you  have  all  the  given  re¬ 
quisites.  Thus, 

A  tower  on  a  hill. 

f  Angle  to  the  bottom,  48°.  30'. 

Given,  <  Angle  to  the  top,  67°.  00'. 

C  Did.  to  the  foot  of  the  objedt,  1  36  feet. 

Required,  the  height  of  the  object. 

Geo- 
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Plate  V.  fig.  22. 

Geometrically . 

Make  the  angle  DAB  =  48°.  30’,  and  lay  136 
feet  from  A  to  B  ;  from  8,  let  fall  the  perpendicu¬ 
lar  BD ;  and  that  will  be  the  height  of  the  hill : 
produce  BD  upwards  by  a  blank  line :  again,  at  A 
make  the  angle  DAG  =  67°.  00  by  a  blank  line*' 
and  from  C  where  that  erodes  the  perpendicular  pro¬ 
duced,  draw  the  line  CB,  and  that  will  be  the 
height  of  the  object  required. 

Let  AG  be  drawn. 

In  the  triangle  ABC,  there  is  given, 

The  angle  ACD  the  complement  of  DAC  = 

23°.  oof 

CAB  the  difference  between  the  two  given 
angles  18°.  30'. 

And  the  fide  AB  136.  To  find  BC* 

/  -}  \  ,  .  >  , . .  ... 

S.  C  :  AB  :  :  S.  CAB  :  BC. 

23°  136  1 8°.  30'  noj. 

If  BD  were  wanted,  it  is  eafily  obtained,  by  the 
firft  cafe  of  right  angled  plane  trigonometry. 

PROS.  V. 

To  take  an  inaccefjiblc  perpendicular  altitude ,  on  an 

horizontal  plane. 

Plate  V.  hg.  23. 

This  is  done  at  two  ftations,  thus ; 

O  Let 
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Let  DC  be  a  tower  which  cannot  be  approached, 
by  means  of  a  moat  or  ditch,  nearer  than  B;  at 
B,  take  an  angle  of  altitude  to  C  :  meafure  any 
convenient  diftance  backward  to  A,  whic^i  note 
down  :  at  A,  take  another  angle  to  C  ;  fo  have  you 
the  given  requifites,  thus  ; 

P  Fir  ft  angle,  55°.  oof 

Given,  <  Stationary  dillance,  87  feet. 

^  Second  angle,  370.  00'. 

The  height  of  the  tower  CD,  is  required. 

•  / 

Geometrically . 

Upon  an  infinite  blank  line,  Jay  off  the  ftationa- 
ry  diftance  87,  from  A  to  B  ;  from  B,  let  off  your 
firff ;  and  from  A,  your  fecond  angle  :  from  C,  the 
point  of  interfeclion  of  the  lines  which  form  thefe 
angles,  let  fall  the  perpendicular  CD  \  and  that  will 
be  the  height  of  the  objebt  required. 

The  external  angle  CBD,  of  the  triangle  ABC  ; 
is  equal  to  the  two  internal  oppofite  ones.  A,  and 
ACB  (by  theo.  4.  feel.  1.):  wherefore  if  one  of 
the  internal  oppofite  angles  be  taken  from  the  ex¬ 
ternal  angle ;  the  remainder  will  be  the  other  in¬ 
ternal  oppofite  one,  thus  ; 

•  CBD  550 — A  37°==  ACB  180. 

Therefore  in  the  triangle  ABC ;  we  have  the 
angles  A,  and  ACB,  with  the  fide  AB  given ; 
to  find  SC. 


S.  ACB 
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Plate  V.  fig.  23. 

S.  ACB  :  AB  :  :  S.  A  :  BC. 

18°  87  370  169.4 

Having  found  BC,  we  have  in  the  triangle  BCD  ; 
the  angle  CBD  55°,  confequently  BCD  350,  and 
BC  169.4;  to  find  DC. 

This  is  performed  by  cafe  the  firft,  of  right  an-  , 
gled  trigonometry,  three  feveral  ways  ;  thus ; 

1.  R  :  BC  :  :  S.  CBD  :  DC. 

9°°  i69*4  55°  l38-8-( 

The  height  required. 

2.  Sec.  CBD  :  BC  :  :  T.  CBD  :  DC. 

55°  i69  4  55°  ^S-8* 

The  height  required. 

3.  Sec.  BCD  :  BC  :  :  R  :  CD. 

350  169.4  90°  138.8. 

The  height  required. 

If  BD,  the  breadth  of  the  moat,  were  requir¬ 
ed  ;  it  niay  alfo  be  found,  by  three  different  dat¬ 
ings,  as  in  the  firft  cafe  of  right  angled  plane  tri¬ 
gonometry. 

P  R  0  B.  VI. 

Plate  V.  fig.  24. 

Let  BC,  a  may-pole,  whofe  height  is  100  feet,  be 
broken  at  D  ;  the  upper  part  of  which,  DC,  falls 
upon  an  horizontal  plane,  fo  that  its  extremity,  C, 
i%  34  feet  from  the  bottom  or  foot  of  the  pole. 

Required,  the  fegments  BD  and  DC. 


Geo- 


/ 
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Geometrically. 

.^T 

Lay  34  feet  from  A  to  B ;  on  B,  creel  the  per¬ 
pendicular  BC  of  100  feet;  and  draw  AC:  bifed 
AC  (by  prob.  4.  fed..  1.)  with  the  perpendicular 
line,  EF  ;  and  from  D,  where  it  cuts  the  perpendi¬ 
cular  BC,  draw  AD,  which  will  be  the  upper  feg- 
ment ;  and  DB  will*'  be  the  lower. 

By  cor.  to  lemma,  preceding  theo.  7.  fed, 
1.  AD  ==  DC ;  and  (by  the  lemma)  the  angle 

C  =  CAD. 

In  the  triangle  ABC,  find  C,  as  in  cafe  6,  of 
right  angled  trigonometry,  thus  ; 

1.  BC  4  R  :  :  AB  :  T.  C  ==  GAD. 

100  90°  34  1 8°.  4 y1. 

By  theo.  4.  fed.  1.  The  external  angle 
ABD  — 370.  34',  or  to  twice  the  angle  C,  i.  e.  to 
C  and  GAD. 

Then  in  the  triangle  ABD,  there  is  ADB  370.  34' 
therefore  alfo  its  complement  DAB  52°.  26J  and 
AB  34,  given,  to  find  AD  and  BD. 

By  the  fecond  cafe  of  redangular  trigono- 
meti  y. 

2.  S.  ADB  :  AB  :  :  R  :  AD  or  DC. 

37°  34'  34  9°°  55-77- 

BC— DC  =  BD. 

?°o—  55.77=  44.23  required 
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Thefe  may  be  had  from  other  ftatings,  as  in  the 
fecond  cate  aforefaid. 

P  R  0  B.  VIL 

To  take  the  altitude  of  a  perpendicular  object  on  a 
hill ,  from  a  plane  beneath  it . 

Plate  V.  fig.  25. 

This  is  done  at  two  ftations,  thus ; 

Let  the  height  DC,  of  a  wind-mill  on  a  hill  be 
required. 

From  any  part  of  the  plane  whence  the  foot  of 
the  objedt  can  be  feen,  let  angles  be  taken  to  the 
foot  and  top ;  meafure  thence  any  convenient  dis¬ 
tance  towards  the  object,  and  at  the  end  thereof, 
take  another  angle  to  the  top :  and  you  have  the 
proper  requifites,  thus  ; 

Fird:  ilation.  Angle  to  the  foot  DAB  21°.  oof 

Angle  to  the  top  CAB  350.  oof 
Stationary  diftance  AB  104  feet. 

Second  Ilation  Angle  to  the  top  48°.  308 

DC  required. 

Geometrically. 

On  an  infinite  blank  line,  lay  the  flationary 
diftance  AB  104  feet ;  from  A,  let  oft  the  fecond, 
and  from  B,  the  third  given  angle  ;  and  from  the 

inter- 
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Plate  V.  fig.  25. 

interfering  point  C  of  the  lines  formed  by  them, 
let  fall  the  perpendicular  CE  :  from  A  fet  off  the 
firft  angle,  and  the  line  formed  by  it  will  deter¬ 
mine  the  point  D.  Thus  have  we  the  height  of 
the  hill,  as  well  as  that  <?f  the  wind-mill. 

The  angle  CBE — A  =  ACB,  as  in  the  laft  prob. 

In  the  triangle  ABC,  find  AC  thus, 


S.ACB  :  AB  :  :  S.ABC  (or  fup.  of  CBE)  :  AC 
13°.  30' :  104  :  :  131°.  3o/  :  333.6 

The  angle  CAE — DAE  ==  CAD. 


The  angle  ADC  =  AED  +  EAD,  by  theo,  4. 
In  the  triangle  CAD,  find  CD  thus, 


S.ADC  :  AC  :  :  S.CAD  :  DC 
iii0.;  333.6:  :  14  :  86,46  required. 


CE,  BE,  or  DE,  may  be  found  by  other  various 
Hating s,  as  fet  forth  in  the  firft  and  fecond  cafes  of 
reftangular  trigonometry. 


PROB . 


Of  HEIGHTS. 


1  *9 

Plate  V.  fig.  2  6. 

P  R  0  B.  VIII. 

To  find  the  length  of  an  objeffi,  that  fiands  obliquely 
on  the  top  of  a  hill ,  from  a  plane  beneath . 

Let  CD  be  a  tree  whole  length  is  required. 

This  is  done  at  two  flations. 


Make  a  ftation  at  B,  from  whence  take  an  angle 
to  the  foot,  and  another  to  the  top  of  the  tree ; 
meafure  any  convenient  diftance  backward  to  A, 
from  whence  alfo  let  an  angle  be  taken  to  the  foot, 
and  another  to  the  top  \  and  you  have  the  requi¬ 
sites  given.  Thus, 


Firfl  ftation.  Angle  to  the  foot  EBD  —  36°.  30*. 

Angle  to  the  top  EBC  =  440.  30’- 
Stationary  diftance  AB=  104  feet. 

Second  ftation.  Angle  to  the  foot  E  AD  =  24°.  30  - 

Angle  to  the  top  EAC  =  320.  00'. 

Let  DC  and  DE  be  required. 

The  geometrical  conftru£lions  of  this  and  the 
next  problem  are  omitted ;  as  what  has  been  alrea¬ 
dy  faid,  and  the  figures  are  looked  upon  as  fuflicient 
helps. 


EBC— A 
as  before. 


ACB,  or  44°.  30' — 320. 


1 2  .  30 , 


In 
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I11  the  triangle  ABC,  find  BC.  Thus ; 

1.  S.ACB  :  AB  :  :  S.  A  :  BC. 

1 2%  3of  104  320  254 .7. 

EBD — EAB— ADB,  oj  36°.  30—24°.  30'=^  1 2°  oo'. 
In  the  triangle  ADB,  find  DB.  Thus ; 

2.  S.  ADB  :  AB  :  :  S.  DAB  :  DB. 

120.  oo'  104  24°.  30'’  207.4. 

CBE — DBE=CBD,  or  44°.  30'— 36°.  30^8°.  00'. 


In  the  triangle  CBD  there  is  given,  CB  254.7, 
DB  207.4,  and  the  angle  CBD  8°.  oo';  to  find  DC. 

This  is  performed  as  cafe  3,  of  oblique  angular 
trigonometry,  thus  ; 


5.  BC-rBD  :  BC— BD  :  :  T.  of  £  BDC T BCD  : 
462.1.  47.3  86°.  oo'. 

T.  of  BDC— BCD. 


r“  rO  a 

‘  4°  • 


86°.  00'  4*  550.  40'  =141°.  40 
86°.  oo' — -55°.  4o/  —  30°.  2 o'  = 


=  BDC. 
BCD. 


A.  S. 


BCD  :  BD  :  :  S.  CBD 


Ou  * 


20 


207. 


4 


8°. 


00 


DC. 

57.  15  length  of 


the  tree. 


To  find  DE,  in  the  triangle  DBE. 


Say  R.  :  BD  :  :  S.  DBE  :  DE. 

90°.  207.4  56°.  30'  123,4  height  of  the 

hill. 

PRO  B. 
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P  R  0  B.  IX. 


T.o  find  the  height  of  an  inaccefiibJe  ohjed  CD s  on  a 
hill  BC ,  from  ground  that  is  net  horisumtaL 

Plate  VI.  fig.  i. 

Frorii  any  two  points,  as  G  and  A5  wfiofe  dis¬ 
tance  GA,  is  meafured,  and  therefore  given ;  let  the 
angles  HGD,  BAD,  BAG,  and  EAG,  be  taken  i- 
becaufe  GIT  is  parallel  to  EA  (by  part  2.  theo.  3. 
fe6l.  1.)  the  angle  HGA  —  EAG  ;  therefore  EAG 
d-HGD  — AGD:  and  (by  cor.  1.  theo.  1.  fed. 
1.)  180 — the  fum  of  EAG  and  BAD  — GAD: 
and  (by  cor.  1.  theo.  5.  fed.  1.)  180— the  fum 
of  the  angles  AGD  and  GAD  —  GDA  :  thus  we 
have  the  angles  of  the  triangle  AGD,  and  the 
fide  AG,  given;  thence  (by  cafe  2.  of  obi.  trig.) 
AD  may  be  eafily  found.  The  angle  DAB— CAB 
—  DAC,  and  9o°“BAD  —  ADC  ;  and  180° — the 
fum  of  DAC  and  ADC  —  ACD  :  fo  have  we  the 
Several  angles  of  the  triangle  ACD  given,  and 
the  fide  AD  ;  whence  (by  cafe  2.  of  obi.  trig.)  CD 
may  be  eafily  found.  We  may  alfo  find  AC,  which 
with  the  angle  BAC,  will  give  CB,  the  height  of 
the  hill. 

The  folutions  of  the  Several  problems  in  heights 
and  diftances,  by  Gunter’s  Icafe,  are  omitted  ;  be- 
eaufe  every  particular  dating  has  been  already 
(hewn  by  it,  in  the  redangular  and  oblique  an¬ 
gular  trigonometry. 
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Any  of  the  inftruments  ufed  in  furveying, 
will  give  you  the  angles  or  bearings  of 
lines  y  which  will  be  particularly  fhewn,  when  v/e 
come  to  treat  of  them. 


PROS.  I. 

» 

* 

Plate  VI.  fig.  2. 

Let  A  and  B  be  two  houfes  on  one  fide  of  a 

fiver,  whofe  diftance  afunder  is  293  perches  : 

there  is  a  tower  at  C  on  the  other  fide  of  the 
river,  that  makes  an  angle  at  A,  with  the  line 
AB  of  530.  20'  ;  and  another  at  B,  with  the  line 
BA  of  66°.  20'  :  required  the  diftance  of  the  tow¬ 
er  from  each  houfe,  viz.  AC  and  BC. 

This  is  performed  as  cafe  2.  of  oblique  angled 
trigonometry,  thus ; 

1.  S.  C  :  AB  :  :  S.  A  :  BC. 

6o°.  20'  293  530.  20'  270.5. 

2.  S.  C  :  AB  :  :  S.  B  :  AC. 

6o°.  20'  293  66°.  2o/  308.8. 
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P  R  0  B.  II. 

Plate  VI.  fig.  11. 

Let  B  and  C,  be  two  houfes  whofe  direct  dif- 
tance  afunder,  BC,  is  inacceffible :  however  it  is 
known  that  a  houfe  at  A,  is  252  perches  from 
B,  and  230  from  C ;  and  that  the  angle  BAG,  * 
is  found  to  be  7 o°.  What  is  the  diftance  BC,  be- 
tween  the  two  houfes  ? 

This  is  performed  as  cafe  3.  of  oblique  angular 
trigonometry,  thus  > 

% 

1.  AB  +  AC  :  AB — AC  :  *.  T,  of  ~  C  +  B  ; 

482  22  ,  ■  550.  00' 

T.  of  4  C— B 
3°-  44' 

I 

-  55°  +  3°-  44'=  58°-  44'  =  C.  550— 30.  44'==  51°. 

16  ==B. 

2.  S.  C  :  AB  :  :  S,  A  :  BC. 

58°.  44'  252  70°  277, 

P  R  0  B.  III. 

Plate  VI.  fig.  3. 

Suppofe  ABC  a  triangular  piece  of  ground, 
which  by  an  old  furvey  we  find  to  be  thus  : 
AB  260,  AC  1 60,  BC  150  perches  :  the  mearing 
lines  AC  and  BC,  are  destroyed  or  plowed  down, 

and 
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and  the  line  AB,  only  remaining.  What  angles 
mud  be  fet  off  at  A  and  B,  to  run  new  mearings  by,, 
exactly  where  the  old  ones  were i 

This  is  performed  as  in  cafe  4.  of  oblique  angled 
trigonometry,  thus ; 

j.  AB  :  AC  ~'r  BC  :  :  AC— BC  :  AD— DB, 

260  310  10  11.92. 

130  +  5.96  =  135.96  =  AD. 

1 30 —  5.96  —  1 24.04  ==  DB. 

2.  AD  :  R  :  ;  AC  :  Sec.  A. 

136  90°  :  ;  160  310.  47^ 

3.  BC  :  S.  A  :  :  AC  :  S.  B. 

150  31°.  47'  160  340.  iq. 

P  Pk  0  B.  IV. 

Plate  VI.  fig.  4. 

Let  D  and  C,  be  two  trees  in  a  bog,  to  which 
you  can  have  no  nearer  accefs  than  at  A  and  B ;  f 
there  is  given,  DAB  ioo°,  CAB  36°.  30',  CBA 
1210,  DBA  49%'  and  the  line  AB  113  perches. 
Required,  the  diffances  of  the  trees  DC.  - 

1 8oc — the  fum  of  DBA  and  DAB  —  ADB  —  31°. 
180° — the  fum  oi  CAB  and  CBA=ACB=22.  30. 

In  the  triangle  ABD,  find  DB,  thus  ; 

1.  S,  ADB  :  AB  :  :  S.  DAB  :  DB. 

2 1 0  113  :  ioo°  216. 

And 
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And  in  the  triangle  ABC,  find  BC,  thus ; 

2.  S.  ACB  :  AB  :  :  S.  CAB  :  BC. 

2  2°  30'  I  13  36°.  3 o'  1 75.6. 

In  the  triangle  DBC,  you  have  DBC  =  ABC — 
ABD  =  72° likewife  the  fides  BD,  BC,  as  before 
found,  given  to  find  DC. 

3.  BD+BC  :  BD— BC  : :  T.  of  4  DCB+CDB: 

391.6  40.4  540 

T.  of  4-  DCB — CDB. 

80.  05', 

^4°  +  8°.  05'  =  62°.  05'  =  DCB. 

54°. — 8°.  05'  =  45°.  55/==CDB. 

4.  S.  CDB  :  BC  :  :  S.  DBC  :  DC. 

45°.  551  i75*6  '  72°  232*5* 

X.  E  M  M  A. 


Plate  VI.  fig.  10. 

If  from  a  point  C,  of  a  triangle  ABC,  infcribed 
in  a  circle ,  there  be  a  perpendicular  CD  let  fall 
upon  the  oppofite  fide  AB  ;  that  perpendicular  is  to 
one  of  the  Jides ,  including  the  angle ,  as  the  other  fide, 
including  the  angle ,  is  to  the  diameter  of  the  circle , 
i.  e.  DC  :  AC  :  :  CB  :  CE. 

Let  the  diameter  CE  be  drawn  and  join  EB  ; 
it  is  plain  the  angle  CEB  =  CAB  (by  cor.  2.  theo. 
yt  feel.  1.)  and  CBE  is  a  right  angle  (by  cor.  5. 

theo.  7.  fed.  1.)  and  =5* ADC:  whence  ECB  = 

ACD. 
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ACD.  The  triangles  CEB,  CAD,  are  therefore 
mutually  equiangular,  and  (by  theo.  16.  feci,  i.) 
DC  ;  AC  :  :  CB  :  CE,  or  DC  :  CB  :  :  AC  :  CE. 
O.  E.  D. 

P  R  0  B%  V. 

Plate  VI.  fig.  5. 

Let  three  gentlemen’s  feats.  A,  B,  C,  be  fituate 
in  a  triangular  form :  there  is  given,  AB  2.  5 

miles,  AC  2.  3,  and  BC  2.  It  is  required  to  build 
a  church  at  E,  that  fhall  be  equi-diftant  from  the 
feats  A,  B,  C.  What  diftance  mull  it  be  from 
each  feat,  and  by  what  angle  may  the  place  of  it 
be  found  ? 

Geometrically . 

By  prob.  15.  fedl.  1.  Find  the  center  of  a  cir¬ 
cle  that  will  pafs  through  the  points  A,  B,  C ; 
and  that  will  be  the  place  of  the  church  ;  the 
meafure  of  which,  to  any  of  thefe  points,  is  the 
anfwer  for  the  diftance :  draw  a  line  from  any  of 
the  three  points  to  the  center,  and  the  angle  it 
makes  with  either  of  the  fides  that  contain  the 
angle  it  was  drawn  to ;  that  angle  laid  off  by 
the  direction  of  an  inftrument,  on  the  ground, 
and  the  diftance  before  found,  being  ranged  there¬ 
on,  will  give  the  place  of  the  church  required. 

By  Calculation . 

1.  AB  :  AC  +  BC  :  :  AC— BC  :  AD— DB. 

2.5  4*  3  *3  -5l6- 

1. 25  +  . 258  ===  1.508  =  AD. 


Bv 

y 
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By  cor.  2.  theo.  14.  fe£t.  1.  The  fquare  root 
of  the  difference  of  the  fquares  of  the  hypothe- 
nufe  AC,  and  given  leg  AD,  will  give  DC. 

i.  e.  5.29 — 2.274064  ==  3.015936. 

Its  fquare  root  is  1.736  =  CD. 

Then  by  the  preceding  lemma, 

2.  CD  :  AC  :  :  CB  :  the  diameter. 

1.736  2.3  2  2.65. 

the  half  of  which,  viz.  1*325  is  the  femi-diameter, 
or  diflance  of  the  church  from  each  feat,  that  is, 
AE,  CE,  BE. 

From  the  center  E,  let  fall  a  perpendicular  upon 
any  of  the  fides,  as  EF,  and  it  will  bifect  in  E  : 
(by  theo.  8.  feci.  1.) 

Wherefore  AF  =  CF  =  ~  AC  =  1,15. 

In  the  right  angled  triangle  AFE,  you  have 
AF  1.15,  and  AE  the  radius  1*325  given,  to  find 
FAE,  thus  ; 

3.  AF  :  R.  :  :  AE  :  Sec.  FAE. 

1. 1 5  90°  1.325  29°.  47'. 

Wherefore  directing  an  inftr anient  to  make  an 
angle  of  290.  47^  with  the  line  AC  ;  and  mea- 
furiilg  1.325  on  that  line  of  direction,  will  give 
the  place  of  the  church,  or  the  center  of  a  circle 
that  will  pafs  through  A,  B,  and  C. 

The 
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The  above  angle  FAE,  may  be  had  without  a 
fecant,  as  before,  thus  ; 

AE  :  R.  :  :  AF  :  S.  AEF. 

1.325  9°°  1,1 5  6o°.  13' 

Its  complement  290.  47',  will  give  FAE,  as  be¬ 
fore. 

The  queflions  that  may  be  propofed  on  this 
head,  being  innumerable,  we  have  chofen  to  give 
only  a  few  of  the  molt  ufeful. 


O  F 


i Containing  a  particular  Defcription  of  the  feveral  In- 
ftruments  ufed  in  Surveying ,  with  their  refpeflive 
(Jfes.  And  firft , 


Of  the  CHAIN. 


THE  flationary  diftance,  or  mearings  of  ground, 
are  meafured  either  by  Mr.  Gunter’s  chain 
of  four  poles  or  perches,  which  confifls  of  ioo 
links;  (and  this  is  the  moft  natural  divifion)  or 
by  one  of  50  links,  which  contains  two  poles  or 
perches :  but  becaufe  the  length  of  a  perch  differs 
in  many  places,  therefore  the  lengths  of  chains  and 
their  refpeclive  links  will  differ  alfo. 

The  Englijh  ftatuie-perch  is  5^  yards,  the  two- 
pole  chain  is  1 1  yards,  and  the  four-pole  one  is 
22  yards:  hence  the  length  of  a  link  in  a  ftatute- 
chain  is  7.92  inches. 

There  are  other  perches  tifed  in  different  parts  or 
England,  as  the  perch  of  wood-land  meafure ,  which 
is  6  yards  ;  that  of  church -land  meafure ,  which  is  7 
yards  (or  the  fame  w7iih  the  plantation  perch )  and 
the  for  eft  meafure  perch  which  u  8  yards. 
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The  Irifh  or  plantation  perch  is  7  yards,  as  be¬ 
fore ;  the  two-pole  chain  is  14;  and  the  four- 
pole  one  is  28  yards :  hence  the  length  of  a  link  in 
a  plantation  chain  is  10.08  inches. 

The  Scotch  perch  is  18T  feet,  or  6^-  yards,  or  6 
Scot’s  ells.  In  the  (hire  of  Cunningham  in  Scotland, 
their  perch  is'  18-J  feet,  and  this  perch  is  ufed  in  fame 
few  places  in  the  north  part  of  this  kingdom,  as  the 
flatute  perch  is  in  fome  other  parts. 

For  the  more  ready  reckoning  the  links  of  a 
four-pole  chain,  there  is  a  large  ting,  or  fome- 
times  a  round  piece  of  brafs  fixed  at  every  10 
links ;  and  at  50  links,  or  in  the  middle,  there 
are  two  large  rings.  In  fuch  chains  as  have  a  brafs 
piece  at  every  10  links,  there  is  the  figure  1  on 
the  firft  piece,  2  on  the  fecond,  3  on  the  third,  &c. 
to  9.  By  leading  therefore  that  end  of  the  chain 
forward,  which  has  the  leafl  number  next  it,  he 
who  carries  the  hinder  end  may  eafily  determine 
any  number  of  links:  thus,  if  he  has  the  brafs 
piece  number  8,  next  to  him,  and  6  links  more 
in  a  diftance,  that  diflance  is  86  links.  After 
the  fame  manner  10  may  be  counted  for  every 
large  ring  of  a  chain  which  has  not  brafs  pieces 
on  it ;  and  the  number  of  links  is  thus  readily 
determined. 

The  two-pole  chain  has  a  large  ring  at  every 
10  links,  and  in  its  middle,  or  at  2$  links,  there 
are  2  large  rings  ;  fo  that  any  number  of  links 
may  be  the  more  readily  counted  off,  as  before. 

*  ^ 

The  furveyor  fhould  be  careful  to  have  his  chain 
meafureci  before  he  proceeds  on  bufmefs,  for  the 

rings 
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rings  are  apt  to  be  open  by  frequent  ufmg  it,  and 
its  length  is  thereby  increafed,  fo  that  no  one  can 
be  too  circumfpeS  in  this  point. 

In  meafuring  a  ftationary  diftance,  there  is  an 
object  fixed  in  the  extreme  point  of  the  line  to  be 
meafured  ;  this  is  a  direflion  for  the  hinder  chain- 
man  to  govern  the  fore  mo  ft  one  by,  in  order  that 
the  diftance  may  be  meafured  in  a  right  line ;  for 
if  the  hinder  chainman  caufes  the  other  to  cover  the 
object,  it  is  plain  the  foremoft'  is  then  in  a  right  * 
line  towards  it.  For  this  reafon  it  is  neceffary  to 
have  a  perfon  that  can  be  relied  on,  at  the  hinder 
end  of  the  chain,  in  order  to  keep  the  foremoft 
man  in  a  right  line  ;  and  a  iurveyor  who  has  no 
fuch  perfon,  ftiould  chain  himfelf.  The  inaccuracies 
of  moft  furveys  arife  from  bad  chaining,  that  is, 
from  ftraying  out  of  the  right  line,  as  well  as  from 
other  omiftions  of  the  hinder  chainman :  no  per¬ 
fon,  therefore,  ftiould  be  admitted  at  the  hinder 
end  of  the  chain,  of  whofe  abilities  in  this  refpecl, 
the  furveyor  was  not  previoufly  fatisfied  and  con¬ 
vinced ;  ftnce  the  fuccefs  of  the  furvey,  in  a  great 
mcafure,  depends  on  his  care  and  ikilh 

in  fetting  out  to  meafure  any  ftationary  diftance, 
the  fore  man  of  the  chain,  carries  with  him  io  iron 
pegs  pointed,  each  about  ten  inches  long  ;  and  when 
he  has  ftretched  the  chain  to  its  full  length,  he 
at  the  extremity  thereof,  flicks  one  of  thofe  pegs 
perpendicularly  in  the  ground ;  and  leaving  it 
there,  he  draws  on  the  chain  till  the  hinder  man 
checks  him  when  he  arrives  at  that  peg :  the 
chain  being  again  ftretched,  the  fore  man  flicks 
down  another  peg,  and  the  hind  man  takes  up  the 
former ;  and  thus  they  proceed  at  every  chain's 
length  contained  in  the  line  to  be  meafure J, 
counting  the  furplus  links  contained  between  the 
'  '  laft 
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iaft  peg,  and  the  object  at  the  termination  of  the 
line,  as  before  :  fo  that  the  number  of  pegs  taken 
up  by  the  hinder  chainman,  expreifes  the  number 
of  chains ;  to  which,  if  the  odd  links  be  annexed, 
the  diftanee  line  required  in  chains  and  links  is 
obtained,  which  muft  be  regift ered  in  the  field  book, 
asowill  hereafter  be  fhewn. 

If  the  diftanee  exceeds  10,  20,  30,  &'c.  chains, 
when  the  leader’s  pegs  are  all  exhaufted,  the  hind¬ 
er  chainman,  at  the  extremity  of  the  10  chains, 
delivers  him  all  the  pegs  ;  from  whence  they  pro¬ 
ceed  to  meafure  as  before,  till  the  leader’s  pegs 
are  again  exhaufted,  and  the  hinder  chainman  at 
the  extremity  of  thefe  10  chains  again  delivers 
him  the  pegs  ;  from  whence  they  proceed  to  mea¬ 
fure  the  whole  diftanee  line  in  the  like  manner ; 
then  it  is  plain,  that  the  number  of  pegs  the  hind¬ 
er  chainman  has,  being  added  to  10,  if  he  had 
delivered  all  the  pegs  once  to  the  leader,  or  to  20  if 
twice,  or  to  30  if  thrice,  &c.  will  give  the  number 
of  chains  in  that  diftanee ;  to  which  if  the  furplus 
links  be  added,  the  length>of  the  ftationary  diftanee 
is  known  in  chains  and  links. 

It  is  cuftomary,  and  indeed  necefiary,  to  have  red, 
or  other  coloured  cloth  fixed  to  the  top  of  each 
peg,  that  the  hinder  man  at  the  chain  may  the 
more  readily  find  them  ;  otherwife,  in  chaining  thro’ 
corn,  high  grafs,  briars,  rufhes,  potatoes,  &c.  it 
would  be  extremely  difficult  to  find  the  pegs  which 
the  leader  puts  down :  by  this  means  no  time  is 
loft,  which  otherwife  muft  be,  if  no  cloths  are  fixed 
to  the  pegs,  as  before. 

It  will  be  neceflarv  here  to  obferve,  that  all  flant, 
or  inclined  furfaces,  as  fides  of  hills,  are  meafured 
horizontally,  and  not  on  the  plane  or  furface  of 
the  hill,  and  is  thus  effe&ed  ; 


Let 
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Plate  VIII.  fig.  4* 

Let  ABC  be  a  hill,  the  hindmoft  chainman  is 
to  hold  the  end  of*  the  chain  perpendicularly  over 
the  point  A  (which  he  can  the  better  effect  with  a 
plummet  and  line,  than  by  letting  a  ftone  drop, 
which  is  mod  tffual)  as  d  is  over  A,  while  the 
leader  puts  down  his  peg  at  e :  the  eye  can  direct 
the  horizontal  pofition  near  enough,  but  it  greater 
accuracy  were  required,  a  quadrant  applied  to  the 
chain,  would  fettle  that.  In  the  fame  manner  the 
reft  may  be  chained  up  and  down ;  but  in  going 
down  it  is  plain  the  leader  of  the  chain  muff  hold 
up  the  end  thereof,  and  the  plummet  thence  luf- 
pended,  will  mark  the  point  where  he  is  to  flick  his 
peg.  The  figure  is  fufficient  to  render  the  whole 
evident ;  and  to  fhew  that  the  fum  of  the  chains 
will  be  the  horizontal  meafure  of  the  bale  of  the 
hill  ;  for  de  —  A0,  fg  =  op,  hi—pq ,  he.  therefore 
de  +  fg  +  hi,  he,  ==  A 0  ^  op  +  pq9  he,  =  AC,  the 
baft  of  the  hill.  If  a  whole  chain  cannot  be  car¬ 
ried  horizontally,  half  a  one,  or  lefs,  may,  and  the 
fum  of  thefe  half  chains,  or  links,  will  give  the 
bafe,  as  before. 

* 

If  the  inclined  fide  of  the  hill  be  a  plane  furkice, 
the  angle  of  the  hill’s  inclination  may  be  taken, 
and  the  flant  height  may  be  meafured  on  the  fur- 
face  ;  and  thence  (by  cafe  1.  of  right  angled  trigo¬ 
nometry)  the  horizontal  line  anfwering  to  the  top, 
may  be  found ;  and  if  we  have  the  angle  of  inclina¬ 
tion  given  on  the  other  fide,  with  thofe  already 
given ;  we  can  find  the  horizontal  diftance  acrols 
the  hill,  by  cafe  2.  of  oblique  trigonometry. 

All  inclined  furfaces  are  confidered  as  horizontal 
ones ;  for  all  trees  which  grow  upon  any  inclined 

furface, 


i 
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furface,  do  not  grow  perpendicular  thereto,  but  to 
the  plane  of  the  horizon  :  thus  if  Ad,  ej \  gh ,  &c. 
were  trees  on  the  fide  of  a  hill,  they  grow  per¬ 
pendicular  to  the  horizontal  bafe  AC,  and  not  to 
the  furface  AB  *  hence  the  bafe  will  be  capable  to 
contain  as  many  trees  as  are  on  the  furface  of  the 
hill,  which  is  manifeft  from  the  continuation  of 
them  thereto.  And  this  is  the  reafon  that  the  area 
of  the  bafe  of  a  hill,  is  confidered  to  be  equal  in 
value  to  the  hill  itfelf. 


Befides,  the  irregularities  of  the  furfaces  of  hills 
in  general  are  fuch,  that  they  would  be  found  im- 
pofTible  to  be  determined,  by  the  rnoft  able  mathema¬ 
ticians.-  Certain  regular  curve  furfaces  have  been  in- 
veftigated  with  no  irnall  pains,  by  the  moft  eminent  : 
therefore  an  attempt  to  determine  in  general  the  in¬ 
finity  of  irregular  furfaces  which  offer  themfelves  to 
our  view,  to  any  degree  6i  certainty,  would  be  idle 
2nd  ridiculous,  and  for  ‘this  reafon  alfo,  the  horir 
zontal  area  is  only  attempted, 

•;  .  ,  '■'•/■  ,  •  r  ‘  '  .  %  ■'  mfi 

Again,  if  the  circumjacent  lands  of  a  hill  be 
planned  or  mapped,  it  is  evident  we  {hall  have  a  plan 
of  the  hill’s  bafe  in  the  middle :  but  were  it  poffible 
to  put  the  hill’s  furface  in  lieu  thereof,  it  would  ex¬ 
tend  itfelf  into  the  circumjacent  lands,  and  render 
the  whole  an  heap  of  confuiion :  fo  that  if  the  fur¬ 
faces  of  hills  could  *be  determined,  no  more  than 
the  bale  could  be  mapped.  * 


Roads  are  ufually  meafured  by  a  wheel  for  that 
purpofe,  to  which  there  is  fixed  a  machine,’  at  the 
end  whereof  there  is  a  fpring,  which  is  {truck 
by  a  peg  in  the  wheel,  once  in  every  rotation  ;  by 
this  means  the  number  of  rotations  is  known. 

If 
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If  iuch  a  wheel  were  3  feet  4  inches  in  diameter, 
one  rotation  would  be  io~  feef,  which  is  half  a 
plantation  perch ;  and  becaufe  320  perches  make  a 
mile,  therefore  .640  rotations  will  be  a  mile  alfo : 
and  the  machinery  is  fo  contrived,  that  by  means 
of  a  hand,  which  is  carried  round  by  the.  work,  it 
points  out  the  miles,  quarters,  and  perches,  or  fome- 
times  the  miles,  furlongs,  and  perches. 

Or  roads  may  be  meafured  by  a  chain  more 
accurately;  for  80  four-pole,  160  two-pole  chains, 
or  320  perches,  make  a  mile  as  before:  and  if 
roads  are  meafured  by  a  flatute  chain,  it  will 
give  you  the  miles  Englifh,  but  if  by  a  plantati¬ 
on  chain,  the  miles  will  be  Irifh.  Hence  an  Eng¬ 
lifh  mile  contains  1760,  and  an  Irifh  mile  2240 
yards;  and  becaufe  14  half  yards  is  an  Irifh,  and 
1 1  half  yards  is  an  Englifh  perch,  therefore  1 1 
Irifh  perches,  or  Irifh  miles,  are  equal  to  14  Eng- 
glifh  ones. 

Since  fome  furveys  are  taken  by  a  four-pole, 
and  others  by  a  two-pole  chain  ;  and '  as  ground 
for  houfes  is  meafured  by  feet,  we  will  fhew  how 
to  reduce  one  to  the  other,  in  the  following  pro¬ 
blems. 

P  R  0  8.  L 

To  reduce  two-pole  chains  and  links  to  four- 

pole  ones. 

If  the  number  of  chains  be  even,  the  half  of 
them  will  be  the  four-pole  ones,  to  which  annex 
the  links  given,  thus, 


t.  In 
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Ch.  L. 

1.  In  16.  37  of  two-pole  chains,  how  many 

four-pole  ones  ?  . 

Ch.  L. 

Anfwer  8.  37. 

But  if  the  number  of  chains  be  odd,  take  the 
half  of  them  for  chains,  and  add  50  to  the  links, 
and  they  will  be  four-pole  chains  and  links,  thus, 

Ch.  L. 

2.  In  17.  42  of  two-pole  chains,  how  many 

four-pole  ones  ? 

Ch.  L. 

Anfwer  8.  92. 


P  k  0  B.  IL 

,i  .  if  '.v.A'fy  '•  •  ■  ■  •,  1 

To  reduce  four-pole  chains  and  links,  to  two- 

pole  ones. 

Double  the  chains,  to  which  annex  the  links,  if 
they  be  lefs  than  50 ;  but  if  they  exceed  50,  dou¬ 
ble  the  chains,  add  1  to  them,  and  take  50  from 
the  links,  and  the  remainder  will  be  the  links, 

thus, 

Ch.  L. 

1,  In  8.  37  of  four-pole  chains,  how  many 

2  two-pole  ones  ? 


16  37 


2.  In 
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Ch.  L. 

2.  In  8.  82  of  four-pole  chains,  how  many 

2.  50  two-pole  ones  ? 

4*  I  ■■■  !■  1C  mm 

17.  32  Anfwer. 


P  R  0  B.  III. 

To  reduce  four-pole  chains  and  links,  to  perches 

and  decimals  of  a  perch. 

The  links  of  a  four-pole  chain  are  decimal 

parts  of  it,  each  link  being  the  hundredth  part  of 
a  chain  ;  therefore  if  the  chains  and  links  be  mul¬ 
tiplied  by  4  (for  4  perches  are  a  chain)  the  produd 
will  be  the  perches  and  decimal  parts  of  a  perch. 
Thus, 

1  ch.  L. 

How  many  perches  in  13.  64  of  four-pole 

chains  ?  4  ~ 

Anfwer  54.  56  perches. 


P  R  0  B.  IV. 

To  reduce  two -pole  chains  and  links,  to  pefches 

and  decimals  of  a  perch. 

They  may  be  reduced  to  four-pole  ones  (by 
prob.  1.)  and  thence  to  perches  and  decimals  (by 
the  lad.)  or, 

*  T  ‘  If 
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If  the  links  be  multiplied  by  4,  carrying  one 
to  the  chains,  when  the  links  are,  or  exceed  25  ; 
and  the  chains  by  2,  adding  one,  if  occafion  be : 
the  produd  will  be  perches,  and  decimals  of  a 
perch.  Thus, 

Ch.  l. 

1.  In  1 7.  21  of  two-pole  chains,  l*ow  many 

2.  4  perches? 

Anfwer  34.  84  perches. 


Ch.  L. 

2.  In  15.  38  of  two-pole  chains,  how  many 

2.  4  perches  ? 

Anftver  31.  52  perches. 


P  R  0  B.  V. 

To  reduce  perches,  and  decimals  of  a  perch,  to 
four-pole  chains  and  links. 

Divide  by  4,  fo  as  to  have  two  decimal  places  in 
the  quotient,  and  that  will  be  four-pole  chains  and 
links.  Thus, 

* 

In  31.  52  perches,  how  many  four-pole  chains 
and  links  ? 

Ch.  L. 

4)31. 52(7*  8-8  Anfwer. 


35 


32 


4 


PROS. 
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PROB.  VL 


To  reduce  perches  and  decimals  of  a  perch,  to 
two-pole  chains  and  links. 

The  perches  may  be  reduced  to  four-pole  chains 
(by  the  laft)  and  from  thence  to  two-pole  chains 
(by  prob.  2.)  or. 

Divide  the  whole  number  by  2,  the  quotient 
will  be  chains  ;  to  the  remainder  annex  the  given 
decimals,  and  divide  by  4,  the  laft  quotient  will 
be  the  links.  Thus, 

In  31.52  perches,  how  many  two-pole  chains 
and  links  ? 

Ch.  L. 

2)31.52(15.  38  Anfwer. 


1 1 


4)152(38 


32 


PROB.  VII. 


^  •  1'  •  *  \  .  ■  -•  ta* 

To  reduce  chains  and  links,  to  feet  and  decimal 

parts  of  a  foot.. 

If  they  be  two-pole  chains,  reduce  them  to 
four-pole  ones:  (by  prob.  1,)  thefe  being  multi¬ 
plied 
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plied  by  the  feet  in  a  four-pole  chain,  will  give 

the  feet,  and  decimals  of  a  foot.  Thus, 

\ 

Ch.  L. 

In  17.  21  of  two-pole  chains,  how  ipany  feet? 

Ch.  L. 

8.  71  of  four-pole  chains. 

66  feet  ==  1  chain. 


6.  Feet.  Inches. 

5226  Anfwer  574. 

»—  '  ■■ 

"Feet  574,8 6 

12 


Inches  10.32 
4 


1.28 


P  R  0  B.  VIII, 

To  reduce  feet  and  inches  to  chains  and  links. 

Reduce  the  inches  to  the  decimal  of  a  foot*  and 
annex  that*  to  the  feet  *  that  divided  by  the  feet 
in  a  four-pole  chain,  will  give  four-pole  chains 
and  links  in  the  quotient :  thefe  may  be  reduced 
to  two-pole  chains  and  links,  if  required,  by  prob* 
2.  Thus, 

Feet.  Inches. 

In  217.  9  how  many  two-pole  chains? 

i2)9.oo(.75  the  decimal  of  9  inches. 


60, 

\  / 

vwmm  ■  w  !■« 

.  66) 

4 

i 


t 
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66)217.75(3.  29  of  four-pole  chains,  or 


197 


eh.  L. 


655  6.  29  of  two-pole  chains. 


61 


How  to  take  a  Survey  by  the  Chain 

only . 

P  R  0  B.  L 

To  furvey  a  piece  of  ground,  by  going  round  it, 
and  the  method  of  taking  the  angles  of  the 
field,  by  the  chain  only. 

Plate  VI.  fig.  6. 

Let  ABCDEFG  be  a  piece  of  ground  to 
be  furveyed  :  beginning  at  the  point  A,  let  one 
chain  be  laid  in  a  direct  line  from  A  towards  G, 
where  let  a  peg  be  left,  as  at  c ;  and  again,  the  like 
diftance  from  A  in  a  direct  line  towards  B,  where 
another  peg  is  alfo  to  be  left,  as  at  d  :  let  the  dif¬ 
tance  from  d  to  c  be  meafured,  and  placed  in  the 
field-book,  in  the  fecond  column  under  the  de¬ 
nomination  of  angles,  in  a  line  with  liation  No.  1  ; 
and  in  the  fame  line  under  the  title  of  diftances, 
in  the  third  column,  let  the  meafure  of  the  line 
AB  in  chains  and  links  be  inferted.  Being  now 
arrived  at  B,  let  one  chain  be  laid  in  a  direct  line 
from  B  towards  A,  where  let  a  peg  be  left,  at  f9 

and 
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and  again,  the  like  diftance  from  B  in  a  direfi  line 
towards  C,  where  let  alfo  another  peg  be  left,  as  at 
e  ;  the  diftance  from  e  to  f  is  to  be  inferted  in  the 
field-book,  in  the  fecond  column,  under  angles, 
in  a  line  with  ftation  No.  2  ;  and  in  the  fame  line, 
under  the  title  of  diftances  in  the  third  column, 
let  the  meafure  of  the  line  BC,  in  chains  and  links, 
be  inferted :  after  the  fame  manner  we  may  proceed 
from  C  to  D,  and  thence  to  E ;  but  becaufe  the  an¬ 
gle  at  E,  viz.  FED,  is  an  external  angle,  after 
having  laid  one  chain  from  E  to  h9  and  to  g9  the 
diftance  from  g  to  h  k  meafured,  and  inferted  in 
the  column  of  angles,  in  a  line  with  ftation  No.  5. 
and  on  the  fide  of  the  field-book  againft  that  fta¬ 
tion,  we  make  an  afterilk,  thus  %  or  any  other 
mark,  to  fignify  that  to  be  an  external  angle,  or 
one  meafured.  out  of  the  ground.  Proceed  we 
then  as  before,  from  E  to  F,  to  G,  and  thence  to  A, 
meafuring  the  angles  and  diftances,  and  placing 
them  as  before,  in  the  field-book,  oppofite  to  their 
refpeciive  ftation’s  ;  fo  will  the  field-book  be  com¬ 
pleted  in  manner  following. 

N.  B.  After  this  manner  the  angles  for  inac- 
eeftible  diftances  may-  be  taken,  and  the  method 
of  conftru&ing  or  laying  them  down,  as  well  as 
the  conftruction  of  the  map,  from  the  following 
field-notes,  rnuft  be  obvious  from  the  method  of 
taking  them. 

The  form  of  the  field-book,  with  the  title. 

A  field-book  of  part  of  the  land  of  Grange,  in 
the  parifh  of  Portmarnock,  barony  of  Coolock, 
and  county  of  Dublin ;  being  •  art  of  the  eftate 
of  L.  P.  efq;  let  to  C.  D.  farmer.  Surveyed 
January,  30,  1788. 


Taken 
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Taken  by  a  four-pole  chain. 


Remarks. 

No, 

Sta. 

Angles. 
Ch.  L. 

Oift-nces. 

Ch.  L. 

Mr.  j.  D’s  part  of  Grange 

Mr.  L.  Ps  part  of  Portmarnock 

ftrand 

# 

Widow  J.  G’s  part  of  Grange 

1 

2 

3 

4 

5 

6 

7 

i.8-o 

*•79 

1.76 

i*4it 

i.87| 

1. 14 
1.89 

!7-65 

18.50 

28.00 

20.00 

14.83 

I9.4I 

24-53 

Clofe  at  the  firft  ftation. 


The  fignification  of  the  remarks. 

Mr.  J.  D’s  part  of  Grange  bounds,  or  is  adjacent 
to  the  furveyed  land  from  the  firfi  to  the  third  fta¬ 
tion:  Mr.  L.  P’s  part  of  Portmarnock  bounds  it  from 
the  third  to  the  fourth  ftation  ;  the  ftrand  then  is  the 
boundary  from  thence  to  the  fixth,  and  from  the 
fixth  to  the  firft  ftation,  the  widow  J.  G’s  part 
of  Grange  is  the  boundary. 

It  is  abfolutely  neceffary  to  infert  the  perfons 
names,  and  town-lands,  ftrands,  rivers,  bogs,  ri¬ 
vulets,  &c.  which  bound  or  circumfcribe  the  land 
which  is  furveyed,  for  thefe  mud  be  expreffed  in 
the  map. 

In  a  furvey  of  a  town-land,  or  eflate,  it  is 
fufficient  to  mention  only  the  circumjacent  town- 
lands,  without  the  occupiers  names  ;  but  when  a 
part  only  of  a  town-land  is  furveyed,  then  it  is 
neceffary  to  infert  die  perfon  or  perfons  names, 

who 
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who  hold  any  particular  parcel  or  parcels  of  fuch 
town-land,  as  bound  the  parts  furveyed. 

When  an  angle  is  very  obtufe,  as  rnofl  in  our 
prefent  figure  are,  viz.  the  angles  at  A,  B,  C, 
E,  and  G  ;  it  will  be  bed  to  lay  a  chain  from  the 
angular  point  as  at  A,  on  each  of  the  containing  fides 
to  c  and  to  d  ;  and  any  where  nearly  in  the  middle 
of  the  angle  as  at  e :  meafuring  the  diftances  re 
and  ed ;  and  thefe  may  be  placed  for  the  angle  in 
the  field-book.  Thus, 


No.  Sta. 

I 


Angle. 
Ch.  L. 

I. 03 

J. 09 


I 


Dift. 
Ch.  L. 

17.65 


For  when  an  angle  is  very  obtufe,  the  chord 
line,  as  cd ,  will  be  nearly  equal  to  the  radii  Ac 
and  Ad ;  fo  if  the  arc  ced  be  fwept,  and  the  chord 
line  cd  be  laid  on  it,  it  will  be  difficult  to  deter¬ 
mine  exa&ly  that  point  in  the  arc  where  cd  cuts 
it :  but  if  the  angle  be  taken  in  two  parts,  as  ce 
and  ed ;  fuch  chords  may  with  fafety  be  laid  on 
the  arc,  and  the  angle  thence  may  be  truly  deter¬ 
mined  and  conffruded. 


After  the  fame  manner  any  piece  of  ground  may 
be  furveyed  by  a  two-pole  chain. 


P  R  0  B.  II. 

To  take  a  furvey  of  a  piece  of  ground  from  any 
point  within  it,  from  whence  all  the  angles  can 
be  feen ;  by  the  chain  only. 


Let 
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Plate  VI.  fig.  6. 

Let  a  mark  be  fixed  at  any  point  in  the  ground, 
as  at  H,  from  whence  all  the  angles  can  be  feen ; 
let  the  meafures  of  the  lines  HA,  HB,  HC,  &c. 
be  taken  to  every  angle  of  the  field  from  the  point 
II  •  and  let  thofe  be  placed  oppofite  to  No.  i,  2, 
3,  4,  &c.  in  the  fecond  column  of  radii  :  the 
meafures  of  the  refpeclive  lines  of  the  mearing, 
W3,  AB,  BC,  CD,  DE,  being  placed  in  the 
third  column  of  diftances,  will  complete  the  field- 
book.  Thus, 


Remarks. 

No. 

Radii. 
Ch.  L. 

Diftanees. 

Ch.  L. 

I 

20.00 

l7-65 

■  2 

2I.72 

18.50 

3 

2I.74 

28.00 

4 

25-34 

20.00 

5 

17.20 

*4-83 

6 

29.62 

I9.4I 

7 

21.20 

24-53 

Clole  at  the  firit  ftation. 

If  any  line  of  the  field  be  inacceflible,  as  fup« 
pofe  CD  to  be,  then  by  way  of  proof  that  the 
diftance  CD  is  true,  let  the  meafure  of  the  angle 
CUD  be  taken  by  the  line  oo9  with  the  chain:  if 
this  angle  correfponds  with  its  containing  fides,  the 
length  of  the  line  DC  is  truly  obtained,  and  the 
whole  work  is  truly  taken. 

Note,  That  in  fetting  off  an  angle  it  is  necef- 
iarv  to  ufe  the  largeft  kale  of  equal  parts,  viz, 

U  that 
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that  of  the  inch,  which  is  diagonally  divided  into 
ioo  parts,  in  order  that  the  angle  fhould  be  ac¬ 
curately  laid  down ;  or  if  two  inches  were  thus 
divided  for  angles,  it  would  be  the  more  exact ; 
for  it  is  by  no  means  necelfary  that  the  angles 
fhould  be  laid  from  the  faid  fcale  with  the  fta- 
tionary  diftances. 


P  R  0  B.  III. 

To  take  a  furvey  by  the  chain  only,  when  all  the 
angles  cannot  be  feen  from  one  point  within. 

Plate  VI.  fig.  7. 

Let  the  ground  to  be  furveyed  be  reprefented  by 
1,  2,  3,  4,  fsA.  Since  all  the  angles  cannot  be  feen 
from  one  point,  let  us  afilime  3  points,  as  A,  B,  C, 
from  whence  they  may  be  feen ;  at  each  of  which 
let  a  mark  be  put,  and  the  refpeClive  fides  of  the 
triangle  be  meafured  and  fet  down  in  the  field- 
book;  let  the  difiances  from  A  to  1,  and  from  B 
to  1,  be  meafured,  and  thefe  will  determine  the 
point  1  ;  let  the  other  lines  which  flow  from  A,  B, 
C,  as  well  as  the  circuit  of  the  ground,  be  then 
meafured  as  the  figure  directs  ;  and  thence  the 
map  may  be  eafily  confirudted. 

There  are  other  methods  which  may  be  ufed  ; 
as  dividing  the  ground  into  triangles,  and  mea- 
furing  the  3  fides  of  each  ;  or  by  meafuring  the 
bafe  and  perpendicular  of  each  triangle.  But  this 
we  fliall  fpeak  of  hereafter. 


PROP . 
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P  R  0  B.  IV. 

How  to  take  any  inacceffible  diftance  by  the  chain  only . 

Plate  VIII.  fig.  8. 

Suppofe  AB  to  be  the  breadth  of  a  river,  or  any 
other  inacceftible  diftance,  which  may  be  required. 

Let  a  ftaff  or  any  other  objed  be  fet  at  B, 
draw  yourfelf  backward  to  any  convenient  diftance 
C,  fo  that  B  may  cover  A  :  from  B,  lay  off  any 
other  diftance  by  the  river’s  fide  to  E,  and  com¬ 
plete  the  parallelogram  EBCD :  ftand  at  D,  and 
caufe  a  mark  to  be  fet  at  F,  in  the  direction  of 
A ;  meafure  the  diftance  in  links  from  E  to  F, 
and  FB  will  be  alfo  given.  Wherefore  EF  :  ED 
:  :  FB  :  AB.  Since  it  is  plain  (from  part  2.  theo. 
3.  f eft.  1.  and  theo.  2.  fed.  1.)  the  triangles  EFD, 
BFA,  are  mutually  equi-angular. 

If  part  of  the  chain  be  drawn  from  B  to  C,  and 
the  other  part  from  B  to  E ;  and  if  the  ends  at  E 
and  C  be  kept  faft,  it  will  be  eafy  to  turn  the  chain 
over  to  D,  fo  as  to  complete  a  parallelogram ;  by 
reckoning  off  the  fame  number  of  links  you  had 
in  BC,  from  E  to  D,  and  pulling  each  part  ftraight. 
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CIRCUMFERENTOR. 


fT1  HIS  inftrument  is  compofed  of  a  brafs  cir- 
1  cular  box,  about  five  or  fix  inches  in  diame¬ 
ter  ;  within  which  is  a  brafs  ring,  divided  on  the 
top  into  360  degrees,  and  numbered  10,  20,  30, 
&c.  to  360:  in  the  center  of  the  box  is  fixed  a 
ffcel  pin  finely  pointed,  called  a  center-pin,  on 
which  is  placed  a  needle  touched  by  a  loadftone, 
which  always  retains  the  fame  fituation ;  that  is,  it 
always  points  to  the  North  and  South  points  of  the 
horizon  nearly,  when  the  inftrument  is  horizontal, 
and  the  needle  at  relL 

The  box  is  covered  with  a  glafs  lid,  in  a  brafs 
rim,  to  prevent  the  needle  being  difturbed  by 
wind  or  rain,  at  the  time  of  lurveying :  there 
is  alfo  a  brafs  lid  or  cover,  which  is  laid  over 
the  former  to  preferve  the  glafs  in  carrying  the  in- 
ffrument. 

This  box  is  fixed  by  fcrews,  to  a  brafs  index, 
or  ruler,  of  about  14  or  15  inches  in  length,  to 
the  ends  whereof  are  fixed  brafs  fights,  which  are 
fcrewed  to  the  index,  and  fland  perpendicular 
thereto  :  in  each  fight  is  a  large  and  a  fmall  aper¬ 
ture,  or  flit,  one  over  the  other  ;  but  thefe  are 
changed,  that  is,  if  the  large  aperture  be  uppermofi 
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in  the  one  fight,  it  will  be  lowed  in  the  other,  and 
io  of  the  fmali  ones  :  therefore  the  fmall  aperture 
in  one  is  oppofite  to  the  large  one  in  the  other  ;  in 
the  middle  of  which  lad,  there  is  placed  a  horfe 
hair,  or  line  filk  thread. 

The  indrument  is  then  fixed  on  a  ball  and  fock- 
et ;  by  the  help  of  which  and  a  fcrew,  you  can  rea¬ 
dily  fix  it  horizontal iy  in  any  given  dire&ion  ;  the 
{octet  being  fixed  on  the  head  of  a  three-legged 
dad,  whole  legs  when  extended,  fupport  the  inltru.- 
ment,  whilft  it  is  ufed. 

How  io  take  Jield-7iotes  by  the  circumferentor . 

Plate  VI.  fig.  6. 

Let  your  inflrument  be  fixed  at  any  angle,  as  A, 
your  fird  dation ;  and  let  a  perfon  dand  at  the  next 
angle  B,  or  caufe  a  dad,  with  a  white  Iheet  to 
be  fet  there  perpendicularly  for  ail  object  to  take 
your  view  to :  then  having  placed  your  indrument 
horizontally  (which  is  eafiiy  done  by  turning  the 
box  fo,  that  the  ends  of  the  needle  may  be  equi- 
didant  from  its  bottom,  and  it  traverfes  or  plays 
freely)  turn  the  flower-de-luce  or  north  part  ot 
the  box  to  your  eye,  and  looking  through  the 
fmall  aperture,  turn  the  index  about,  till  you  cut 
the  perfon  or  object  in  the  next  angle  B,  with 
the  horfe  hair,  or  thread  of  the  oppofite  fight : 
the  degrees  then  cut  by  the  fouth  end  of  the 
needle,  will  give  the  number  to  be  placed  in  the 
fecond  column  of  your  field-book  in  a  line  with 
ltation  No.  1,  and  exprelies  the  number  or  de¬ 
grees  the  dationary  line  is  from  the  north,  counting 
quite  round  with  the  fun. 


Mod 
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Mod  needles  are  pointed  at  the  fouth  end,  and 
have  a  final l  ring  at  the  north :  fuch  needles  are 
better  than  thofe  which  are  pointed  at  each  end,  be¬ 
ta  ufe  the  furveyor  cannot  miftake  by  counting  to  a 
wrong  end  ;  which  error  may  be  frequently  commit¬ 
ted,  in  ufing  a  two-pointed  needle.  — 

Two-pointed  needles  have  fometimes  a  ring, 
but  more  ufuallv  a  crofs  towards  the  north  end ; 
and  the  fouth  end  is  generally  bearded  towards  its 
extremity,  and  fometimes  not,  but  its  arm  is  a 
naked  right  line  from  the  cap  at  the  center. 

Having  taken  the  degrees  or  bearing  of  the 
RrR  Rationary  line  AR,  let  the  line  be  meafured, 
and  the  length  thereof  in  chains  and  links  be  in¬ 
ferred  in  the  third  column  of  your  field-book, 
under  the  title  of  diilances,  oppofite  to  Ration 
No.  i. 

It  is  cuftomary,  and  even  neceffary,  to  caufe  a  fod 
to  be  dug  up  at  each  Ration,  or  place  where  you  fix 
the  inRrument ;  to  the  end,  that  if  any  error  fhoiiid 
srife  in  the  field-book,  it  may  be  the  more  readily 
adjufted  and  corrected,  by  trying  over  the  former 
bearings  and  ftationary  diftances. 

Having  done  with  your  firR  Ration,  fet  the  in- 
flrument  over  the  hole  or  fpot  where  your  object 
Rood,  as  at  B,  for  your  fecond  Ration,  and  fend 
him  forward  to  the  next  angle  of  the  held,  as  at 
C  ;  and  having  placed  the  inRrument  in  an  hori¬ 
zontal  direction,  with  the  fights  dire&ed  to  the 
obj  eel  at  C,  and  the  north  of  the  box  next  your 
eye,  count  your  degrees  to  the  fouth  end  of  the 
needle,  which  regiRer  in  your  field-book,  in  the 

*  iecond 
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Second  column  oppofite  to'  flation  No.  2  ;  then 
meafure  the  ftationary  diftance  BC,  which  iniert 
in  the  third  column,  and  thus  proceed  from  angle  ' 
to  angle,  fending  your  object  before  you,  till  you 
return  to  the  place  where  you  began,  and  you 
will  have  the  field-book  complete  ;  obferving  al¬ 
ways  to  fignify  the  parties  names  who  hold  the  con¬ 
tiguous  lands,  and  the  names  of  the  town-lands, 
rivers,  roads,  fwamps,  lakes,  &c.  that  bound  the 
land  you  furvey,  as  before ;  and  this  is  the  man¬ 
ner  of  taking  field-notes  by  what  are  called  fore¬ 
fights. 

But  the  generality  of  mearfmen  frequently  fe£ 
themfelves  in  difadvantageous  places,  fo  as  often  to 
occafion  two  or  more  flations  to  be  made,  where  one 
may  do,  which  creates  much  trouble  and  lofs  of 
time :  we  will  therefore  fhew  how  this  may  be  re¬ 
medied,  by  taking  back-fights,  thus  :  let  your 
objecl  hand  at  the  point  where  you  begin  your  fur¬ 
vey,  as  at  A;  leaving  him  there,  proceed  to  your 
next  angle  B,  where  fix  your  inflrument  fo,  that 
you  may  have  the  longefl  view  poffible  towards  C. 
Having  fet  the  inflrument  in  an  horizontal  pofition, 
turn  the  fouth  part  of  the  box  next  your  eye,  and 
having  cut  your  objeft  at  A,  reckon  the  degrees 
to  the  fouth  point  of  the  needle,  which  will  be 
the  fame  as  if  they  were  taken  from  the  ob¬ 
ject  to  the  inflrument,  the  direction  of  the  index 
being  the  fame.  Let  the  degree  be  inferted  in 
the  field-book,  and  the  flationary  diflance  be 
meafured  and  annexed  thereto,  in  its  proper  co¬ 
lumn  ;  and  thus  proceed  from  flation  to  flatiom 
leaving  your  objecl  in  the  lafl  point  you  left,  till 
you  return  to  the  firft  flation  A. 
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Bv  this  method  your  ftations  are  laid  out  to  the 
bcft  advantage,  and  two  men  may  do  the  bufmefs 
of  three,  for  one  of  thofe  who  chain,  may  be  your 
object ;  but  in  fore-fights,  you  muft  have  an  objed 
before  you,  befides  two  chainmen. 

It  was  faid  before,  that  a  furveyor  fhould  have  a 
perfon  with  him  to  carry  the  hinder  end  of  the 
chain,  on  whom  he  can  depend  :  this  perfon  fhould 
be  expert  and  ready  at  taking  off-fets,  as  well  as  ex- 
ad  in  giving  a  faithful  return  of  the  length  of  eve¬ 
ry  flationary  line.  One  who  has  fuch  a  perfon,  and 
who  ufes  back-fights,  will  be  able  to  go  over  near 
double  the  ground  he  could  at  the  fame  time,  by 
taking  fore-fights.  But  if  a  furveyor  has  no  fuch 
perfon  on  whom  he  can  with  fafety  depend,  he  muft 
take  fore-fights,  becaufe  of  overfeeing  the  chain¬ 
ing  ;  for  fhould  he  take  back-fights,  he  mull  be 
obliged,  after  taking  bis  degree,  to  go  back'  to  the 
foregoing  ftation,  to  overfee  the  chaining,  and.  by 
this  means  to  walk  three  times  over  every  line, 
which  is  a  flavery  not  to  be  borne. 

Or  a  back  and  a  fore-fight  may  be  taken  at 
one  flation,  thus  ;  with  the  fouth  of  the  box  to 
vour  eye,  obferve  from  B  the  objed  A,  and  fet 
down  the  degree  in  your  field-book,  cut  by  the 
fouth  end  of  the  needle.  Again,  from  B  obferve 
an  objed  at  C,  with  the  north  of  the  box  to  your 
eye,  and  fet  down  the  degree  cut  by  the  fouth 
point  of  the  needle,  fo  have  you  the  bearings  of 
the  lines  AB  and  BC  ;  you  may  then  fet  up, your 
inftrument  at  1),  from  whence  take  a  back-fight 
to  C,  and  a  fore-fight  to  E;  thus  the  bearings 
may  be  taken  quite  round,  and  the  ftationary  dif- 
tances  being  annexed  to  them,  will  complete  the 
field-book. 


But 
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But  an  this  Lift  method,  care  muft  be  taken  to 
fee  that  the  fights  have  not  the  leaft  call  on  either 
■fide  *,  if  they  have,  it  will  deftroy  all  :  and  yet 
with  the  fame  fights  you  may  take  a  furvey 
by  fore-fights,  or  "by  back-fights  only,  with  as 
great  truth  as  if  the  fights  were  ever  fo  ereft,  pro¬ 
vided  the  fame  call  continues  without  any  altera¬ 
tion  ;  but  upon  the  whole,  back- fights  only  will  be 
found  the  readied  method. 

If  your  needle  be  pointed  at  each  end,  in  taking 
fore-hghts,  you  may  turn  the  north  part  of  the 
box  to  your  eye,  and  count  your  degrees  to  the 
fouth  part  of  the  needle,  as  before  ;  or  you  may 
turn  the  fouth  of  the  box  to  your  eye,  and  count 
your  degrees  to  the  north  end  of  the  needle. 

But  in  back-fights  you  may  turn  the  north  of 
the  box  to  your  eye,  and  count  your  degrees  to 
the  north  point  of  the  needle  ;  or  you  may  turn 
the  fouth  of  the  box  to  your  eye,  and  count  your 
degrees  to  the  fouth  end  of  the  needle. 

The  brafs  ring  in  the  box  is  divided  on  the 
•Tide  into  360  degrees,  thus ;  from  the  north  to 
the  eaft  into  90,  from  the  north  to  the  weft  into 
90,  from  the  fouth  to  the  eaft  into  90,  and  from 
the  fouth  to  the  weft  into  90  degrees ;  fo  the 
degrees  are  numbered  from  the  north  to  the  eaft 
or  weft,  and  from  the  fouth  to  the  eaft  or 
weft. 

The  manner  of  ufmg  this  part  of  the  inftrument 
is  this ;  having  direfled  your  fights  to  the  object, 
whether  fore  or  back,  as  before  ;  obferve  the  two 
cardinal  points  of  your  compais  the  point  -of  the 
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needle  lies  between  (the  north,  fouth,  eaft,  and 
well:  being  called  the  four  cardinal  points,  and  are 
graved  on  the  bottom  of  the  box)  putting  dowii 
thofe  points  together  by  their  initial  letters,  and 
thereto  annexing  the  number  of  degrees,  counting 
from  the  north  or  fouth,  as  before,  thus  ;  if  the 
point  of  your  needle  lies  between  the  north  and 
eaft,  north  and  weft,  fouth  and  eaft,  or  fouth 
and  weft  points  in  the  bottom  of  the  box,  then 
put  down  NE,  NW,  SE,  or  SW,  annexing  there¬ 
to  the  number  of  degrees  cut  by  the  needle  on  the 
fide  of  the  ring,  counting  from  the  north  or 
fouth,  as  before. 

But  if  the  needle  point  £xa<ftly  to  the  north, 
fouth,  eaft,  or  weft,  you  are  then  to  w7rite  down 
N,  S,  E,  or  W,  without  annexing  any  degree. 

This  is  the  manner  of  taking  field-notes,  where-, 
by  the  content  of  ground  may  be  univerfally  deter¬ 
mined  by  calculation ;  and  they  are  faid  to  be 
taken  by  the  quartered  compafs,  or  by  the  four 
nineties. 

To  find  the  number  of  degrees ,  contained  in  any  given 

angle . 

Set  up  your  inftrument  at  the  angular  point, 
and  thence  diredt  the  fights  along  each  leg  of  the 
angle,  and  note  down  their  refpe&ive  bearings  as 
before ;  the  difference  of  thefe  bearings,  if  lefs 
than  i  So,  will  be  the  quantity  of  degrees  contain¬ 
ed  in  the  given  angle ;  but  if  more,  take  it  from 
360,  and  the  remainder  will  be  the  degrees  con¬ 
tained  in  the  given  angle. 
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THIS  inftrument  is  a  circle,  commonly  of 
brafs,  of  ten  or  twelve  inches  in  diameter, 
whole  limb  is  divided  into  360  degrees,  and  thofe 
again  are  fubdivided  into  fmaller  parts  as  the  mag¬ 
nitude  of  it  will  admit ;  fometimes  by  equal  divi- 
fions,  and  fometimes  by  diagonals,  drawn  from  one 
concentric  circle  of  the  limb  to  another. 

In  the  middle  is  fixed  a  circumferentor,  with  a 
needle ;  but  this  is  of  little  or  no  ufe,  except  in 
finding  a  meridian  line,  or  the  proper  fituation  of 
the  land. 

Over  the  brafs  circle  is  a  pair  of  fights,  fixed  to 
a  moveable  index,  which  turns  on  the  center  of 
the  inftrument,  and  upon  which  the  circumferentor 
box  is  placed. 

This  inftrument  will  either  give  the  angles  of 
the  field,  or  the  bearing  of  every  ftationary  dif- 
tance  line,  from  the  meridian ;  as  the  circumfe¬ 
rentor  and  quartered  compafs  do. 

Fir  ft  then.  To  take  the  angles  of  the  field . 

Plate  VI.  fig.  6. 

Lay  the  ends  of  your  index  to  360,  and  180; 

turn  the  whole  about  with  the  360  from  you '?  direct 

the 
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the  fights  from  A  to  G,  and  fcrew  the  inflr ament 
fad  ;  direct  them  from  A,  to  cut  the  objed  at  B ; 
the  degree  then  cut  by  that  end  of  the  index 
which  is  oppofite  to  you,  will  be  the  quantity  of 
the  angle  GAB,  to  place  in  your  field-book ;  to 
which  annex  the  meafure  of  the  line  AB,  in 
chains  and  links ;  fet  up  your  inflrument  at  B, 
unfcrew  it,  and  lay  the  ends  of  your  index  to  360, 
and  180;  turn  the  whole  about  with  the  360  from 
you,  or  180  next  you,  till  yon  cut  the  object  at 
A ;  fcrew  the  inflrument  fall,  and  direct  your 
fights  to  the  object  at  C,  and  the  degree  then  cut 
by  that  end  of  the  index  which  is  oppofite  to  you, 
will  be  the  quantity  of  the  angle  ABC.  Thus 
proceed  from  ftation  to  flation,  flill  laying  the 
index  to  360,  turning  it  from  you,  and  obferving 
the  objed  at  the  foregoing  flation,  fcrewing  the 
inflrument  fall,  and  obferving  the  objed  at  the 
following  flation,  and  counting  the  degrees  to  the 
oppofite  end  of  the  index,  will  give  you  the  quam 
tity  of  each  refpediye  angle. 


LEMMA. 

All  the  angles  of  any  polygon ,  are  equal  to  twice 
as  many  right  angles  as  there  arc  fides  lefs  by  four . 
Thus ,  all  the  angles  A ,  f>,  C,  1),  E9  jF,  G,  are 
equal  to  twice  as  many  right  angles ,  as  there  arc 
fides  in  the  figure ,  lefis  by  four. 

Plate  VI.  fig.  6. 

Let  the  polygon  be  difpofed  into  triangles,  by 
lines  drawn  from  any  affigned  point  H  within  it, 
as  by  the  lines  IIA,  HB,  HC,  &A.  It  is  evident 

then 
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then  (by  theo.  5.  feet.  1.)  that  the  three  angles 
of  each  triangle  are  equal  to  two  right  {  and  con- 
fequently,  that  the  angles  in  all  the  triangles 
are  twice  as  many  right  ones  as  there  are  fides: 
but  all  the  angles  about  the  point  II,  are  equal 
to  four  right  (by  cor.  2.  theo.  1.  feet.  1.);  there¬ 
fore  the  remaining  angles  are  equal  to  twice  as 
many  right  ones  as  there  are  Tides  in  the  figure, 
abating  four.  E.  D. 

SCHOLIUM. 

Hence  we  may  know  if  the  angles  of  a  furvey  be 
truly  taken :  for  if  their  fum  be  equal  to  twice  as 
many  right  angles,  as  there  are  ftations,  abating 
four  right  angles,  you  may  conclude  that  the  an¬ 
gles  were  truly  taken,  ctheiwife  not. 

If  you  take  the  bearing  of  any  line  with  the 
circumferentor,  that  bearing  will  be  the  number 
of  degrees  the  line  is  from  the  north ;  confequent- 
ly  the  north  mud  be  a  like  number  of  degrees 
from  the  line,  and  thus  the  north,  and  of  courfe 
the  fouth,  as  well  as  the  eaft  and  weft,  or  the  fitua- 
tion  of  the  land,  is  obtained. 

Secondly,  To  take  the  hearing  of  each  refp octree 
line  from  the  meridian ;  or  to  perform  the  office 
of  the  circumferentor ,  or  quartered  compafs  by  the 
theodolite . 

Set  your  inftrument  at  the  ftrft  ftation,  and  lay 
the  index  to  360  and  1S0,  with  the  flower-de-luce 
the  box  next  the  360 ;  unferew  the  inftrument, 
and  turn  the  whole  about,  till  the  north  and  fouth 
points  of  the  needle  cut  the  north  and  fouth  points 
in  the  box ;  then  ferew  it  faft,  fo  is  the  inftrument 
north  and  fouth,  abftracted  of  the  variation. 


The 
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The  circumferentor  box  may  be  then  taken  off. 

Direft  the  fights  to  the  object  at  the  fecond 
ftation,  and  the  degree  cut  by  the  oppofite  end 
of  the  index  will  be  the  bearing  of  that  line  from 
the  north,  and  the  fame  that  the  circumferentor 
would  give. 

After  having  meafured  the  ftationary  diftance, 
fet  up  your  inftrument  at  the  fecond  ftation  ;  un- 
fcrew  it,  and  fet  either  end  of  the  index  to  the 
degree  of  the  laft  line,  and  turning  the  whole 
about  with  that  degree  towards  you,  dired  your 
fights  to  an  obj.eft  at  the  foregoing  ftation,  and 
fcrew  the  inftrument  faff  $  it  will  then  be  parallel 
to  its  former  fituation,  and  confequently  north  and 
fouth  ;  direct  then  your  fights  to  an  objed  at  the 
following  ftation,  and  the  degree  cut  by  the  op¬ 
pofite  end  of  the  index,  will  be  the  bearing  of 
that  line. 

In  like  manner  you  may  proceed  thro’  the  whole. 

>  r  .  *  -i  t  * 

If  the  brafs  circle  be  divided  into  four  nineties, 
from  360  and  180,  and  the  letters  N,  S,  E,  W, 
be  applied  to  them  ;  the  bearings  may  be  obtain¬ 
ed  by  putting  down  the  letters  the  far  or  oppoftte 
end  of  the  index  lies  between,  and  annexing  there¬ 
to  the  degrees  from  the  N  or  S;  and  this  is  the 
fame  as  the  quartered  compafs. 

If  you  keep  the  compafs  box  on,  to  fee  the 
mutual  agreement  of  the  two  inltruments  ;  after 
having  fixed  the  theodolite  north  and  fouth,  as 
before  ;  turn  the  index  about  with  the  north  end 
or  flower-de-luce  next  your  eye,  and  count  the 
degree  to  the  oppofite,  or  fouth  end  of  the  index, 
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and  this  will  correfpond  with  the  degree  cut  by  the 
louth  end  of  the  needle. 

At  the  fecond,  or  next  flation,  unfcrew  the  in- 
flrument,  and  fet  the  fouth  of  the  index  to  the  de¬ 
gree  of  the  laft  flation ;  turn  the  whole  about,  with 
the  fouth  of  the  index  to  you,  and  cut  the  object 
at  the  foregoing  flation  ;  fcrew  the  inftmment  fall, 
and  with  the  north  of  the  index  to  you,  cut  the 
objed  at  the  next  following  flation,  the  degree 
then  cut  by  the  fouth  of  the  index,  will  correfpond 
with  the  degree  cut  by  the  fouth  end  of  the  needle, 
and  fo  through  the  whole. 

Some  theodolites  have  a  (landing  pair  of  fights 
fixed  at  360  and  180,  befides  thofe  on  the  move- 
able  index :  if  you  would  ufe  both,  look  through 
the  (landing  fights,  with  the  180  next  you,  to  an, 
object  at  the  foregoing  flation  ;  fcrew  the  inftru- 
ment  fad,  and  dired  the  upper  fights  on  the  move- 
able  index,  to  the  objed  at  the  following  flation, 
and  the  degree  cut  by  the  oppofite  end  of  the  in¬ 
dex,  will  give  you  the  quantity  of  the  angle  of  the 
field. 

Two  pair  of  fights  can  be  of  no  ufe  in  finding 
the  angles  from  the  meridian ;  and  inafmuch  as  one 
pair  is  fufficient  to  find  the  angles  of  the  field,  the 
fecond  can  be  of  no  ufe  :  befides,  they  obftrud 
the  free  motion  of  the  moveable  index,  and  there¬ 
fore  are  rather  an  incumbrance  than  of  any  real 
ufe.  Some  will  have  it,  that  they  are  ufeful  with  the 
others,  for  fetting  off  a  right  angle,  in  taking  an 
off-fet ;  and  furejy  this  is  as  eafily  performed  by 
the  one  pair  on  the  moveable  index :  thus,  if  you 
lay  the  index  to  360  and  180,  and  cut  the  objed 
either  in  the  laft  or  following  flation,  fcrew  the  in- 

flrument 
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flru  merit  fait,  and  turn  the  index  to  90  and  270*  and 
then  it  will  be  at  right  angles  with  the  line.  So 
that  the  fmall  lights,  or  thofe  of  the  circle,  can  be 
of  no  additional  ufe  to  the  inftrument,  and  there¬ 
fore  fliould  be  laid  afide  as  ufelefs. 

This  inftrument  may  be  ufed  in  windy  and  rainy 
weather,  as  well  as  in  mountainous  and  hilly 
grounds ;  for  it  does  not  require  an  horizontal  po- 
fition  to  find  the  bearing,  or  angle,  as  the  needle 
doth  ;  and  therefore  is  preferred  to  any  inftrument 
that  is  governed  by  the  needle. 


Of  the  SEMICIRCLE. 


THIS  inftrument,  as  its  name  imports,  is  a 
half  circle,  divided  from  its  diameter  into 
180  degrees,  and  from  thence  again,  that  is,  from 
o,  to  360  :  it  is  generally  made  of  brafs,  and  is 
from  8  to  16  inches  diameter. 

On  the  center  there  is  a  moveable  index  with 
fights,  on  which  is  placed  a  circumferentor-box, 
as  in  the  theodolite. 

This  inftrument  may  be  ufed  as  the  theodolite 
in.  all  refpefts  ;  but  with  this  difference,  when  you 
are  to  reckon  the  degree  to  that  end  of  the  index 
which  is  off  of  the  femicircle,  you  may  find  it  at 
the  other  end,  reckoning  the  degree  from  180  for¬ 
wards. 
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PLANE  TABLE  is  an  oblong  of  oak,  or 
jL  JL  other  wood,  abort  15  inches  long,  and  12 
broad  5  they  are  generally  compofed  of  3  boarus, 
which  are  eafily  taken  afunder,  or  put  together,  lor 
the  convenience  or  carriage. 

There  is  a  box  frame,  with  6  joints  ^  in  it,  to 
take  off  and  put  on  as  occafion  ferves ;  it  keeps  the 
table  together,  and  is  likewife  of  ufe  to  keep  down 
a  {beet  of  paper  which  is  put  thereon. 

The  outfide  of  the  frame  is  divided  into^  inches 
and  tenths,  which  ferve  for  ruling  parallels  _  or 
fquares  on  the  paper,  or  for  fhifting  it,  when  ocean  on 

ferves, 

#. 

The  infide  of  die  frame  is  divided  into  360  de~ 
grees,  which,  tho’  unequal  on  it,  yet  are  the  de¬ 
grees  of  a  circle  produced  from  its  center,  or  cen¬ 
ter  of  the  table,  wnere  there  is  a  fmall  hole. 

The  degrees;  are  fubdivided  as  fmall  as  tfnir 
diftance  will  admit  ;  at  every  tenth  degree  are  two 
numbers,  6ne  the  number  of  degrees,  the  other 
its  complement  to  360. 

There  is  another  center  hole,  about  ~  of  the 

table’s  breadth  from  ohe  edge,  and  is  in  the  mic - 

die  between  the  two  ends,  lo^  this  center  ho  c 

on  the  other  fide  of  the  frame,  there  are  toe  divi- 

fions  of  a  femicircfe,  or  180  degrees ;  and  theie 

again  are  fubdivided  into  halves,  or  quaiters,  as  tne 

fize  of  the  inftrument  will  admit. 

y  That 
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That  fide  of  the  frame  on  which  the  360  de¬ 
grees  are,  fupplies  the  place  of  a  theodolite,  the 
other,  that  of  a  femicircle. 

There  is  a  circumferentor-box  of  wood,  with  a 
paper  chart  at  the  bottom,  applied  to  one  fide  of 
the  table  by  a  dove-tail  joint,  f aliened  by  a  fcrew. 
This  box  (befides  its  rendering  the  plane  table  ca¬ 
pable  of  anfweri'ng  the  end  of  a  circumferentor) 
is  very  ufeful  for  placing  the  inflrument  in  the  fame 
pofition  every  remove. 

There  is  a  brafs  ruler  or  index,  of  about  two 
inches  broad,  with  a  fharp  or  fiducial  edge,  at  each 
end  of  which  is  a  fight :  on  the  ruler  are  fcales 
of  equal  parts,  with  and  without  diagonals,  and  a 
fcale  of  chords ;  the  whole  is  fixed  on  a  ball  and 
focket,  and  fet  on  a  three-legged  ftaff. 

To  take  the  angles  of  a  field  by  the  table . 

Having  placed  the  inflrument  at  the  firft  ftation, 
turn  it  about  till  the  north  end  of  the  needle  be 
over  the  meridian,  or  flower-de-luce  of  the  box, 
and  there  fcrew  it  fall.  Aflign  any  convenient 
point,  to  which  apply  the  edge  of  the  '  index,  fo 
as  thro’  the  fights  you  may  fee  the  objed:  in  the 
laft  ftation,  and  by  the  edge  of  the  index  from  the 
point  draw  a  line.  Again,  turn  about  the  index 
with  its  edge  to  the  fame  point,  and  thro’  the 
fights  obferve  the  objed:  in  the  fecond  ftation,  and 
from  the  point,  by  the  edge  of  the  index,  draw 
another  line ;  io  is  the  angle  laid  dowti :  on  that 
laft  line  let  oft  the  diftance  to  the  fecond  ftation, 
in  chains  and  links :  apply  your  inflrument  to  the 
fecond  ftation,  taking  the  angle  as  before ;  and 
after  the  like  manner  proceed  till  the  whole  is 
finifhed. 


This 
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This  method  may  be  ufed  in  good  weather,  if 
the  needle  be  well  touched  and  play  freely ;  but 
-if  it  be  in  windy  weather,  or  the  needle  out  of  or¬ 
der,  it  is  better,  after  having  taken  the  firfb  angle 
as  before,  and  having  removed  your  inflrument  to 
the  fecond  Ration,  and  placed  the  needle  over  the 
meridian  line  as  before,  to  lay  the  index  on  the  laR 
drawn  line,  and  look  backward  thro’  the  fights ;  if 
you  then  fee  the  objefl  in  the  firfb  Ration,  the 
table  is  fixed  right,  and  the  needle  is  true ;  if  not, 
turn  the  table  about,  the  index  lying  on  the  laft 
line,  till  thro’  the  fights  you  fee  the  objedh  in  the 
RrR  Ration  ;  and  then  fcrew  it  faR,  and  keeping 
the  edge  of  the  index  to  the  fecond  Ration,  direct 
your  fights  to  the  next ;  draw  a  line  by  the  edge 
of  the  index,  and  lay  off  the  next  line  ;  and  pro¬ 
ceed  thro*  the  whole  without  ufmg  the  needle,  as 
you  do  with  the  theodolite. 

If  the  fheet  of  paper  on  the  table  be  not  large 
enough  to  contain  the  map  of  the  ground  you 
furvey,  you  muR  put  on  a  clean  fheet,  when  the 
other  is  full ;  and  this  is  called  fhifting  of  paper, 
and  is  thus  performed. 

Plate  VI.  fig.  8. 

Let  ABCD  reprefent  the  fheet  of  paper  on  the 
plane  table,  upon  which  the  plot  E,  F,  G,  H,  I, 
K,  L,  M,  is  to  be  drawn ;  let  the  RrR  Ration  be 
E,  proceed  as  before  from  thence  to  F,  and  to  G  ; 
then  proceeding  to  IL,  you  find  there  is  not  room 
on  your  paper  for  the  line  GH  ;  however,  draw 
as  much  of  the  line  GH,  as  the  paper  can  hold, 
or  draw  it  to  the  paper’s  edge.  Move  your  in- 
Rrument  back  to  the  RrR  Ration  E,  and  proceed 
the  contrary  way  to  M,  and  to  L ;  but  in  going 

from. 
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from  thence  to  K,  you  again  find  your  flieet  will 
not  hold  it ;  however,  draw  as  much  of  the  line 
LK  on  the  flieet,  as  it  can  hold. 

Take  that  flieet  off  the  table,  firft:  obferving 
the  diftance  oo  of  the  lines  GH  and  LL,  by  the 
ed^e  of  the  table  j  take  oft  that  flieet,  and  mark 
it  with  No.  i,  to  fignify  it  to  be  the  firft  taken  off. 
Having  then  put  on  another  flieet,  lay  that  diftance 
oo  on  the  contrary  end  of  the  table,  and  fo  pro¬ 
ceed  as  before,  with  the  refidue  of  the  furvey, 
from  o  to  H,  to  L,  and  thence  to  o  ,*  fo  is  your 
furvey  complete, 

Jn  the  like  manner  you  may  proceed  to  take  off, 
and  put  on,  as  many  flieets  as  are  convenient ;  and 
thefe  may  afterwards  be  joined  together  with  mouth 
glue,  or  fine  white  water  very  thin. 

If  the  index  be  fixed  to  the  firft  center,  ufing 
the  360  fide,  it  will  then  ferve  as  a  theodolite, 
and  when  to  the  fecond  center,  ufing  the  180  fide, 
it  will  ferve  as  a  femicircle  ;  by  either  of  which  you 
may  furvey  in  rainy  weather,  when  you  cannot 
have  paper  011  the  table. 


To 


To  take  an  Angle  of  Altitude  by  the 
Circumferentor ,  Theodolite,  Semicir¬ 
cle,  or  Plane  Table.  ' 

i.  To  take  an  angle  of  altitude ,  by  thf  circum¬ 


ferentor, 


E  T  the  glafs  lid  be  taken  off,  and  let  the  in - 
ftrument  be  turned  on  one  fide,  with  the 


Item  of  the  ball  into  the  notch  of  the  focket,  fo 
that  the  circle  may  be  perpendicular  to  the  plane 
of  the  horizon  ;  let  the  inftrument  be  placed  in 
this  fituation  before  the  objedl,  fo  that  the  top 
thereof  may  be  feen  thro’  the  lights  ;  let  a  plum¬ 
met  be  Impended  from  the  center  pin,  and  the 
object  being  then  obferved,  the  complement  of  the 
number  of  degrees,  comprehended  between  the 
thread  of  the  plummet,  and  that  part  of  the  in¬ 
ftrument  which  is  next  your  eye,  will  give  the  angle 
of  altitude  required. 

2.  If  an  angle  of  altitude  is  to  be  taken  by 
the  theodolite,  or  femicircle,  let  a  thread  be  run 
thro’  a  hole  at  the  center,  and  a  plummet  be  fuf- 
pended  by  it;  turn  the  inftrument  on  one  fide, 
by  the  help  of  the  ball  and  notch  in  the  focket 
for  that  purpofe,  fo  that  the  thread  may  cut  90, 
having  360  degrees  next  you ;  ferew  it  raft  in  that 
pofition,  and  thro’  the  fights  cut  the  top  of  the 
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objects ;  and  the  degrees  then  cut  by  the  end  of 
the  index  next  you,  are  the  degrees  of  elevation 
required.  An  angle  of  depreffion  is  taken  the  con¬ 
trary  way. 

3.  By  the  plane  table  an  angle  of  altitude  is 
taken  in  the  like  manner,  by  fufpending  a  plum¬ 
met  from  the  center  thereof,  having  turned  the 
table  on  one  fide,  and  fixed  the  index  to  the 
center  by  a  fcrew,  fo  as  to  move  freely,  let  the 
thread  cut  90,  look  thro’  the  fights  as  before,  and 
you  have  the  angle  of  elevation,  and  on  the  contrary 
that  of  deprelhon. 


Of 
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OF  THE 


PROTR  AC  TOR. 


TH  E  protractor  is  a  femicircle  annexed  to  a 
fcale,  and  is  made  of  brafs,  ivory,  or  horn  ; 
its  diameter  is  generally  about  five  or  fix  inches. 

The  femicircle  contains  three  concentric  femicir- 
cles,  at  fuch  diftances  from  each  other,  that  the  fpa- 
ces  between  them  may  contain  figures. 

The  outward  circle  is  numbered  from  the  right 
to  the  left  hand,  with  10,  20,  30,  hfc.  to  180 
degiees  ;  the  middlemolf  the  fame  way,  from 
180  to  360  degrees;  and  the  innermoft,  from  the 
upper  edge  of  the  fcale  both  ways,  from  10,  20, 
30,  &c.  to  90  degrees. 

It  is  eafy  to  conceive  that  the  protra&or,  tho’  a 
femicircle,  may  be  made  to  fupply  the  place  of 
a  whole  circle ;  for  if  a  line  be  drawn,  and  the 
center-hole  of  the  protractor  be  laid  on  any  point 
in  that  line,  the  upper  edge  of  the  fcale  corre- 
fponding  with  that  line,  the  divifions  on  the  edge 
of  the  femicircle  will  run  from  o  to  180,  from 
right  to  left  :  again,  if  it  be  turned  the  other 
way,  or  downwards,  keeping  the  center-hole  there¬ 
of  on  the  aforefaid  point  in  the  line,  then  the 

divifions 
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divifions  will  run  from  180  to  360, _ and  _io  com¬ 
pletes  ?n  entire  circle  with  the  former  letnicircle. 

The  ufe  of  the  protractor  is  to  lay  oh  angles, 
and  to  delineate  or  draw  a  map,  or  plan,  of  any- 
ground  from  the  field-notes;  and  is  performed  in 

the  following  manner. 


To  protraSi  a  field-book ,  when  the  angles  are  taken 

from  the  meridian . 

Plate  VI.  fig.  9* 

On  your  paper,  rule  lines  parallel  to  6acn  othei, 
at  an  inch  aumder  (being  moll  ulual)  or  at  any 
other  convenient  diftance ;  on  the  left  end  of  the 
parallels  put  N.  for  north,  and  on  the  right  b. 
for  fouth ;  put  E.  at  the  top  for  eaft,  and  W.  at 
the  bottom  of  your  paper  for  welt. 

Then  let  the  following-  field-book  be  that  which 
is  to  be  protracted,  the  bearings  being  taken  from 
the  meridian,  whether  by  a  circumferentor,  theo¬ 
dolite,  or  femicircle,  and  meafured  with  a  two- 

pole  chain. 


"No. 

Bearing. 

Ch.  L. 

I 

583t 

55-2° 

2 

348 1 

12.36 

3 

3 1 7 

29.20 

4 

266 

55-2o 

5 

193 

40.00 

6 

I  24 

76.00 

7 

1 

87.02 

il  _ sJ  *■(*  \  ___  t  • _ _ 
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Pitch  upon  any  convenient  point  on  your  paper, 
for  your  firft  Ration,  as  at  1,  on  which  lay  the 
center-hole  of  your  protrador,  with  a  protrading- 
pin  ;  then  if  the  degrees  be  lefs  than  180,  turn 
the  arc  of  your  protrador  downwards,  or  towards 
the  weft  ;  but  if  more  than  180,  upwards,  or  to* 
wards  the  eaft. 

Or  if  the  right-hand  be  made  the  north,  and 
the  left  the  fouth,  the  weft  will  be  then  up,  and 
the  eaft  down. 


In  this  cafe,  if  the  degrees  be  lefs  than  180, 
turn  the  arc  of  your  protrador  upwards,  or  to¬ 
wards  the  weft ;  and  if  more,  downwards,  or  to¬ 
wards  the  eaft. 

By  the  foregoing  field  book,  the  firft  bearing  is 
2.83Y ;  turn  the  arc  of  your  protrador  upwards, 
keeping  the  pin  in  the  center-hole,  move  the  pro¬ 
trador  fo  that  the  parallel  lines  may  cut  oppofite 
divifions,  either  on  the  ends  of  the  fcale,  or  on 
the  degrees,  and  then  it  is  parallel.  This  muft  be 
always  firft  done,  before  you  lay  off  your  degrees. 

Then  by  the  edge  of  the  femicircle  keeping  the 
protrador  Ready,  with  the  pin  prick  the  firft  bear¬ 
ing  283^5  and  from  the  center-point,  thro*  that 
point  or  prick,  draw  a  blank  line  with  the  pin,  on 
which  from  a  fcale  of  equal  parts.  Or  from  the 
fcale’s  edge  of  the  protrador,  lay  off  the  diftance 
55C.  20L.  fo  is  that  Ration  protruded. 

A  t 

■*. 
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At  the  end  of  the  firfh  ftation,  or  at  2,  which 
is  the  beginning  of  the  fecond,  with  the  pin  place 
the  center  of  the  protrador,  turning  the  arc  up, 
becaufe  the  bearing  of  the  fecond  Ration  is  more 
than  180,  viz.  348-J.  Place  ycmr  protrador  paral¬ 
lel  as  before,  and  by  the  edge  of  the  femicircle, 
with  the  pin  prick  at  that  degree,  thro’  which  and 
the  end  of  the  foregoing  ftation,  draw  a  blank 
line,  and  on  it  fet  the  diftance  of  that  ftation. 

In  the  like  manner  proceed  thro’  the  whole,  only 
obferve  to  turn  the  arc  of  your  protrador  down, 
when  the  degrees  are  lefs  than  180. 

If  you  lay  off  the  ftationary  didances  by  the 
edge  of  the  protrador,  it  is  necelfary  to  obferve, 
that  if  your  map  is  to  be  laid  down  by  a  fcale  of 
40  perches  to  an  inch,  every  divifion  on  the  pro- 
trador’s  edge  will  be  one  two  pole  chain ;  ~  a 
divifion  wall  be  25  links,  and  ^  of  a  divifion  will 
be  1 links. 

If  your  map  is  to  be  laid  down  by  a  fcale  of  20 
perches  to  an  inch,  two  divifions  will  be  one  two- 
pole  chain ;  one  divifion  will  be  25  links  ;  ^  a 
divifion  12-  links,  and  \  of  a  divifion  will  be 
6~  links. 

In  the  general,  if  25  links  be  multiplied  by  the 
niimber  of  perches  to  an  inch,  the  map  is  to  be 
laid  down  by,  and  the  produd  be  divided  by  20 
(or  which  is  the  fame  thing,  if  you  cut  off  one 
and  take  the  half)  you  will  have  the  value  of  one 
divifion  on  the  protrador’s  edge,  in  links  and 
parts. 


Example. 


Of  the  PROTRACTOR. 


Example. 


i;r 


i.  How  many  links  in  a  divifion,  if  a  map  be 
laid  down  by  a  fcale  of  8  perches  to  an  inch  ? 


2  5 
8 


2|o)2o|o 


io  links.  Anfwer. 


2.  How  many  links  in  a  divifion,  if  a  map  be 
laid  down  by  a  fcale  of  i  o  perches  to  an  inch  ? 


25 

IQ 


2|o)25|o 


12.5  or  i2y  links.  Anfwer. 


And  fo  of  any  other. 

To  protrafl  a  field-book ,  taken  by  the  angles  of  the 

field . 

Note,  We  here  fuppofe  the  land  furveyed  is 
kept  on  the  right  hand  as  you  furvey. 

Draw  a  blank  line  with  a  ruler  of  a  length 
greater  than  the  diameter  of  the  protra&or  ;  pitch 
upon  any  convenient  point  therein,  to  which  apply 
the  center-hole  of  your  protractor  with  your  pin, 
turning  the  arc  upwards  if  the  angle  be  Ids  than 
180,  and  downwards  if  more;  and  obferve  to  keep 
the  upper  edge  of  the  fcale,  or  180  and  o  degrees. 

upon. 
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upon  the  line:  then  prick  off  the  number  of  de¬ 
grees  contained  in  the  given  angle,  and  draw  a 
line  from  the  fuff  point  through  the  point  the 
degrees ;  upon  which  lay  the  ffationary  diftance. 
Let  this  line  be  lengthened  forwards  and  backwards, 
keeping  your  firff  ffation  to  the  right,  and  fecond 
to  the  left ;  and  lay  the  center  of  your  protraCtor 
over  the  fecond  ffation,  with  your  pin,  turning  the 
arc  upwards,  if  the  angle  be  lefs  than  180,  and 
downwards,-  if  more;  and  keeping  the  i3o  and  o 
degrees  on  the  line,  prick  off  the  number  of  de¬ 
grees  contained  in  the  given  angle,  and  thro’  that 
point  and  the  laft  ffation  draw  a  line,  on  which 
lay  the  ffationary  diftance  :  and  in  like  manner  pro¬ 
ceed  through  the  whole. 

In  all  protractions,  if  the  end  of  the  laft  ffation 
falls  exactly  in  the  point  you  began  at,  the  field¬ 
work  and  protraction  are  truly  taken,  and  perform¬ 
ed  ;  if  not,  an  error  muff:  have  been  committed  in 
one  of  them  :  in  fuch  cafe  make  a  fecond  pro¬ 
traction  ;  if  this  agrees  with  the  former,  and  nei¬ 
ther  meet  or  clofe,  the  fault  is  in  the  field-work, 
and  not  in  the  protraction  :  and  then  a  re-furvey 

muff;  be  taken. 

»  * 


SEC  T, 


mmmmm 
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SECT.  IV. 


Containing  two  Methods  by  which  the  Areas  of  right- 
lined  Figures  may  be  determined . 


DEFINITION. 


rT1  H  E  area  or  content  of  any  plane  furface  in 
perches,  is  the  number  of  fquare  perches, 
that  furface  contains. 

Plate  VII.  fig.  i. 

Let  ABCD  reprefen t  a  rectangular  parallelo¬ 
gram,  or  oblong:  let  the  fide  AB,  or  DC,  con¬ 
tain  8  equal  parts ;  and  the  fide  AD,  or  BC, 
three  of  fuch  parts ;  let  the  line  AB  be  moved 
in  the  dire&ion  of  AD,  till  it  has  come  to  EF; 
where  AE,  or  BE  (the  diftance  of  it  from  its  firft 
fituation)  may  be  equal  to  one  of  the  equal  parts. 
Here  it  is  evident,  that  the  generated  oblong  ABEF, 
will  contain  as  many  fquares  as  the  fide  AB  con¬ 
tains  equal  parts,  which  are  8 ;  each  fquare 
having  for  its  fide  one  of  the  equal  parts,  into 
which  AB,  or  AD,  is  di*$d&d.  Again,  let  AB 
move  on  till  it  comes  to  GlL^fo  as  GE,  or  HF, 
may  be  equal  to  AE,  or  BF ;  then  it  is  plain  that 
the  oblong  AGFIB,  will  contain  twice  as  many 

fquares 
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fquares  as  the  fide  AB  contains  equal  parts.  After 
the  fame  manner  it  will  appear,  that  the  oblong 
ADCB  will  contain  three  times  as  many  fquares  as 
the  fide  AB  contains  equal  parts ;  and  in  general, 
that  every  re&angular  parallelogram,  whether  fquare 
or  oblong,-  contains  as  many  fquares  as  the  product 
of  the  number  of  equal  parts  in  the  bale,  multi¬ 
plied  into  the  number  of  the  fame  equal  parts  in 
the  height,  contains  units,  each  fquare  having  for 
its  fide  one  of  the  equal  parts. 

Hence  arifes  the  folution  of  the  following  pro¬ 
blems. 

P  R  0  B.  I. 

Tt o  find  the  content  of  a  fquare  piece  of  ground . 

i.  Multiply  the  bafe  in  perches,  into  the  per¬ 
pendicular  in  perches  (or  fquare  the  bafe)  the  pro¬ 
duct  will  be  the  content  in  perches  ;  and  becaufe 
160  perches  make  an  acre,  it  mud  thence  follow, 
that 

Any  area,  or  content  in  perches,  being  divided 
by  160,  will  give  the  content  in  acres ;  the  remain¬ 
ing  perches,  if  more  than  40,  being  divided  by 
40,  will  give  the  roods,  and  the  lad  remainder,  if 
any,  will  be  perches. 

Or  thus : 

-  2.  Square  the  fide  in  four-pole  chains  and 
links,  and  the  product  will  be  fquare  four-pole 
chains  and  links;  divide  this  by  10,  or  cut  off 
one  more  than  the  decimals,  which  are  five  in  all, 
from  the  right  towards  the  left:  the  figures 

reding 
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retting  to  the  left  are  acres,  becaufe  10  fquare 
four-pole  chains  make  an  acre,  and  the  remaining 
figures  are  decimal  parts  of  an  acre.  Multiply 
the  five  figures  to  the  right  by  4,  cutting  5  fi¬ 
gures  from  the  produft,  and  if  any  figure  be  to 
the  left  of  them,  it  is  a  rood,  or  roods;  multi¬ 
ply  the  laft  cut  off  figures  by  40,  cutting  off  five, 
or  (which  is  the  fame  thing)  by  4,x  cutting  off 
four ;  and  the  remaining  figures  to  the  left,  if  any, 
are  perches. 

1.  The  firffe  part  is  plain,  from  confidering  that  a 
piece  of  ground  in  a  fquare  form,  whofe  fide  is  a 
perch,  muff  contain  a  perch  of  ground ;  and  that 
40  fuch  perches  make  a  rood,  or  hang,  and  four 
roods  an  acre ;  or  which  is  the  fame  thing,  that 
160  fquare  perches  make  an  acre,  as  before. 

2.  A  fquare  four-pole  chain  (that  is,  a  piece  of 
ground  four  poles  or  perches  every  way)  muff  con¬ 
tain  16  fquare  perches  ;  and  fmee  160  perches  make 
an  acre,  therefore  10  times  16  perches,  or  m 
fquare  four-pole  chains  make  an  acre. 

Note,  That  the  chains  given,  or  required,  in 
any  of  the  following  problems,  are  fuppofed  two- 
pole  chains,  that  chain  being  mo  ft  commonly  ufed  j 
but  they  muff  be  reduced  to  four-pole  chains  or 
perches  for  calculation,  becaufe  the  links  will  not 
operate  with  them  as  decimals. 

* 

Examples. 

Plate  I.  fig.  17. 

Ch.  L, 

Let  ABCD  be  a  fquare  field,  whofe  fide  is  14.  29  ; 
I  demand  the  content  in  acres. 


By 


To  find  the  Content  of  Ground \ 


Ch.  l. 

By  problem '4.  fedion  3.  14.29  are  equal  top 

29.16  perches. 

29.16 

awin  m  ■'■■«'  — 

17496 

2916 

26244 

3  2 

I - A.  R.  P. 

160)850.3056(5.  i.  10.  content 


4°)5°(I  rood. 
10  perches. 


Or  thus : 

Gh.  L;  ch.  L. 

14.29  are  equal  to  7.  29  of  four-pole  chains,  by 
prob.  1.  fed.  3.  7*  29 

6561 

1458 


Acres  5I31441  content  as  before  5.  1.  10. 
4 

Rood  1125764 
4 

Perches  10I3056 


It  is  required  to  lay  down  a  map  of  this  piece 
of  ground,  by  a  fcale  of  twenty  perches  to  an 
inch. 


Take 


To  find  the  Content  of  Ground  ijj 

9  1 

Take  29.16  the  perches  of  the  given  fide,  from 
the  fmall  diagonal  on  the  common  furv eying  fcale, 
where  20  fmall,  or  two  of  the  large  divifions  are 
an  inch ;  make  a  fquare  whofe  fide  is  that  length 
(by  prob.  9.  fedt.  1.)  and  it  is  done. 


P  R  0  B.  1L 

To  find  the  fide  of  a  fquare,  whofe  content  is  given, 

Extrad  the  fquare  root  of  the  given  content 
^jn  perches,  and  you  have  the  fide  in  perches,  and 
confequently  in  chains. 

E  X  A  M  P  L  Ed 

It  is  required  to  lav  out  a  fquare  piece  of  ground 
which  fhall  contain  12  A.  3R.  16P.  Required  the 
number  of  chains  in  each  fide  of  the  fquare  ;  and 
to  lay  down  a  map  of  it,  by  a  fcale  of  40  perches 

to  an  inch. 

A.  r.  P. 

12.  3.  16. 

4 


51 

40 

_ _  Ch.  L. 

2056(45.34  perches  ==  22.  33-,  by  prob.  6, 

85)456  ..  [fett.  3. 

_  it- -  •  r  \ 

9°3)3100 

9064)39100 

A  a  .  Vo 


4. 


To  find  the  Content  of  Ground, 


To  draw  the  map. 

From  a  fcale  where  4  of  the  large,  or  40  of  the 
fmall  divifions  are  an  inch,  take  45.34,  the  perches 
of  the  fide,  of  which  make  a  fquare.  . 


P  R  0  B.  III. 

To  find  the  content  of  an  oblong  piece  of  ground. 

Multiply  the  length  by  the  breadth,  for  the 
Content. 


Example. 


Plate  I.  fig.  3. 

Let  ABCD  be  an  oblong  piece  of  ground,  whofe 
length  AB  is  14C.  25L.  and  breadth  8C.  37L.  I 
demand  the  content  in  acres,  and  alfo  to  lay  down 
a  map  of  it,  by  a  fcale  of  20  perches  to  an  inch. 

Ch.  L.  Perches. 

I4.25  =  29.OO  ? 

8-37  =  17-48  j 

■'  r5732 
349^ 

* - * - A.  R.  P. 

160)506.9200(3.  o.  27.  content. 


26  perch,  or  near  27. 


By  prob.  4.  fed.  3. 


Dr 
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.  *79 

Or  thus : 

4  pole  ch. 

Chi  'in  Ch.  La 

’  *25^7*25?  gy  pfob.  i.  feft.  3* 

8.37^4.37$  ;  ^  J 

5°75 

21 75 

2900 

Acres  3]  168 25 
4 


Rood  (67300 
4 

Perches  26I9200 


To  draw  the  map. 

Make  an  oblong  (by  fchol.  to  prob.  9.  fe&. 
whofe  length,  from  a  fcale  of  20  to  an  inch,  may 
be  29  perches,  and  breadth*  17.48  perches* 

PROB .  IV. 

The  content  of  an  oblong  piece  of  ground,  and  oner 
fide  given ,  to  find  the  other . 

Divide  the  content  in  perches,  by  the  given 
fide  in  ’  perches,  the  quotient  is  the  required  fide 
in  perches  \  and  thence  it  may  be  eafily  reduced 
to  chains. 


E  X  A  M  P  L  Eu 


iBo  To  find  the  Content  of  Ground, 

Example. 

Ch.  L. 

There  is  a  ditch  14.  25  long,  by  the  fide  of 
which  it  is  required  to  lay  out  an  oblong  piece  of 
ground,  which  fball  contain  3A.  oR.  27P:  what 
breadth  rnuft  be  laid  off  at  each  end  ol  the  ditch, 
to  enclofe  the  3 A.  oR.  27P? 

A.  r.  p. 

3.  o.  27* 

4 

12 

40  x 

• -  Perch.  Ch,  L. 

29)5°7(17*4^  ^  37  breadth. 


21 7 


140 


240 
***  ■  ' 

8 


The  map  is  done  as  the  lafh 
P  R  0  B.  V. 

ST 0  find  the  content  of  a  piece  of  ground ,  in  f§rm  of 
an  oblique  angular  parallelogram  ;  or  of  a  rhombus , 
or  rhomboidcs . 

Multiply  the  bafe  into  the  perpendicular  height. 
The  reafon  is  plain  from  theo.  13*  fed.  1. 


Example* 


T i  find  the  Content  of  Ground, 
Example* 


Plate  VII.  fig.  2. 

Let  ABCD  be  a  piece  of  ground  in .  form  of 
a  rhombus,  whofe  bafe  AB  is  22  chains,  and 
perpendicular  DE,  or  FC,  20  chains.  Required 
the  content. 

Ch.  Ch. 

22  =  1 1.0  ?  4  pole  chains. 

20  =  10.03  r 

Acres  n|o 


Or, 


Ch. 

22  —  44?  perches 
20  =  403 


160^)1760(11  acres. 


160 


The  converfe  of  this  is  done  by  prob.  4^  and 
the  map  is  drawn,  by  laying  of  the  perpendicular 
on  that  part  of  the  bafe  from  whence  it  was 
taken:  joining  the  extremity  thereof  to  that  or 
the  bafe,  by  a  right  line,  and  thence  complete 
the  parallelogram. 


PROB . 


i  B'l  To  find  the  Content  of  Ground . 

P  R  Q  B.  VI. 

To  find  the  content  of  a  triangular  piece  of  ground . 

Multiply  the,  bafe  by  half  the  perpendicular,  or 
the  perpendicular  by  half  the  bafe ;  or  take  half 
the.  product  of  the  bafe  into  t]be  perpendicular. 

The  reafon  hereof  i$  plain,  from  cor.  2.  theo. 
12.  feet  1. 


Example, 

■  1  ’  •  «  a  • 

Plate  L  fig.  16. 

Let  ABC  be  a  triangular  piece  of  ground,  whofe 
longed  fide  or  bafe  BC,  is  24C.  38L.  and  perpen¬ 
dicular  AD,  let  fall  from  the  oppofite  ?ngle,  is  13 
C.  28L.  Required  th$  content. 


Ch.  L.  Gh.  L. 

1.  Bafe  24.  38===  12.  38 
f  perp.  3.  39 


chains. 


1 1 142 

37r4 

37*4 


Acres  4|  19682 
4 

flood  I78728 
40 

Perches  31)4912 


A.  R.  P. 

Content  4.  o.  31. 


Perp, 
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Ch.  L.  Ch,  L. 

Perp.  13.28  =  6.78  7  four-pole  chains, by  prob. 
Tperp.  6.39  ===3.39  5  1.  3. 

Or  2dly.  Perp.  6.78  of  four-pole  chains. 

^bafe  6. 1 9 


6102 

678 

4068 

-  A.  R.  P. 

41*9682  =  4.  o.  31. 

Or  3dly.  Bafe  12.38  four-pole  chains. 
Perp.  6.78 


9904 

8666 

7428 


83-9364 

- - -  A.  R.  P. 

Its =  4119682  =  4.  o.  31, 

Or  the  bafe  and  perpendicular  may  be  reduced 

to  perches ;  and  the  content  may  be  thence  obtain¬ 
ed,  thus  : 


Perp. 


184  jH?  find  the  Content  of  Cfound* 


Ch.  L.  Perches. 

Perp.  13.28  =  27.12 
Half  the  perp.  13-56 


By  prob.  4.  fe£L  3s 


Perches. 

i.  -Bafe  49.52 

-j  p^rp.  13.56 

29712 
24760 
148  c6 

49S2 


Ch.  L. 

:  24.38 


A.  R.  Pi 


160)671.4912(4.  o.  31* 


31 


Perche?. 

Perp.  27.12 
Halfbafe  24.76 


16272 

18984 

10848 

5424 


671. 4912 


A.  R.  p~ 

4*  o*  31* 


■Rut  fauare  perches  may  be  reduced  to  acres,  &c. 
rather ’more  commodioufly,  by  dividing  by  4°  and 
a.  than  by  160;  thus, 

4|o)67|i. 


4)i6«  31 


A*  4*  °*  31 


i.  Bale 


To  find  the  Content  of  Ground .  1S5 

Perch. 

Bafe  49.52 
Perp.  27.12 


99°4 

49 5  2 
34664 

99°4 

/  - 

1342.9824 

- A.  R.  P. 

671.4912  =4.  o.  31. 


The  map  may  be  readily  drawn,  having  the 
diftance  from  either  end  of  the  bafe,  to  the  per¬ 
pendicular  given ;  as  may  be  evident  from  the  fi¬ 
gure. 

P  R  0  B.  VII. 

The  content  of  a  triangular  piece  of  ground,  and  the 
bafe  given ,  to  fnd  the  perpendicular . 

Divide  the  content  in  perches,  by  half  the  bafe  in 
perches  ;  and  the  quotient  will  give  you  the  per¬ 
pendicular  in  perches,  and  fo  in  chains. 


E  X  A  M  P  I.  E  S, 

Plate  I.  fig.  16. 

Let  BC  be  a  ditch,  whofe  length  is  24C.  40L. 
by  which  it  is  required  to  lay  out  a  triangular  piece 
of  ground,  whofe  content  fhal!  be  4A.  iR.  10P. 
Required  the  perpendicular. 

B  b  Bafe 


j86  To  find  the  Content  of  Ground \ 

Ch.  L.  Perches. 

Bafe  24.40  =  49.6 
Half  the  bafe  =  24.8 

A.  R.  P. 

4*  I  *  I  Qo 

4 

!7 

40 

- Perches. 

24.8)690(27.82 


1940 


2040 


560 

64 


Perches,  Ch.  L, 

Anfwer  perp.  27.82  =  13.45. 

This  perpendicular  being  laid  on  any  part  of  the 
bafe,  and  lines  run  from  its  extremity  to  the 
ends  of  the  bafe,  will  lay  out  the  triangle  (by 
cor.  to  theo.  13.  fe£t.  1.)  fo  that  the  perpendicu 
lar  may  be  fet  on  that  part  of  the  bafe  which  it 
moft  convenient  and  agreeable  to  the  parties  con¬ 
cerned. 


\* 


LEMMA. 
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LEMMA. 


187 


If  from  half  the  fum  of  the  fides  of  any  plane  tri¬ 
angle  JBC9  each  particular  fide  be  taken  ;  and  if 
the  half  fum ,  and  the  three  remainders  be  multi¬ 
plied  continually  into  each  other ,  the  fquare  root  of 
this  product  will  be  the  area  of  the  triangle . 

Plate  VIII.  fig.  9. 

Bifedt  any  two  of  the  angles,  as  A  and  B,  with 
the  lines  AB,  BD  meeting  in  D  ;  draw  the  per¬ 
pendiculars  DE,  DF,  DG. 

The  triangle  AFD  is  equiangular  to  AED; 
for  the  angle  FAD  =  EAD  by  conftrudtion,  and^ 
AFD  =  AED,  being  each  a  right  angle,  and  of 
confequence  ADF  =  ADE ;  wherefore  AD  :  DF  :  ; 
AD  :  DE  :  and  fince  AD  bears  the  fame  propor¬ 
tion  to  DF,  that  it  doth  to  DE,  DF  =  DE,  and 
the  triangle  AFD  =  AED.  The  fame  way  DE  = 
DG,  and  the  triangle  DEB  =  DGB,  and  FD  =  DE 
=  DG;  therefore  D  will  be  the  center  of  a  circle 
that  will  pafs  through  E,  F,  G. 

In  the  fame  way  if  A  and  C  were  bife&ed,  the 
fame  point  D  would  be  had ;  therefore  a  line  from 
D  to  C  will  bifecl  C,  and  thus  the  triangles  DFC, 
DGC  will  be  alfo  equal. 

Produce  CA  to  FI,  till  AH  =  EB  or  GB;  fo 
will  HC  be  equal  to  half  the  fum  of  the  fides,  viz, 
to  —  AB,  +  ~  AC  *F  ~  BC  ;  for  FC,  FA,  EB,  aie 
feverally  equal  to  CG,  AE,  BG ;  and  all  thefe  to¬ 
gether  are  equal  to  the  fum  of  the  fides  of  the 
triangle;  therefore  FC  +  FA  +  EB  or  CH,  are 
equal  to  half  the  fum  of  the  fides. 

FC 
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FC  =  CH— AB,  for  AF  =  AE,  and  HA  =  EB ; 
therefore  HF  =  A  B  ;  and  AF  =  CH— BC  ;  for  CF 
=CG,  and  =  GB ;  therefore  BC  =  HA  +  FC, 
and  AH  =  CII— AC. 

v  '•  * 

Continue  DC,  till  it  meets  a  perpendicular  drawn 
upon  Ii,  in  K ;  and  from  K  draw  the  perpendicular 
KI,  and  join  AK. 

Becaufe  the  angles  AHK  and  AIK  are  two  right 
ones,  the  angles  HI  A  and  K  together,  are  equal 
to  two  right ;  fince  the  angles  of  the  two  trian¬ 
gles  contain  four  right :  in  the  fame  way  FDE  4* 
FAE  =  {2  right  angles  ===')  FAE  4- 1  AH  ;  let  FAE 
be  taken  from  both,  then  FDE  =  IAH,  and  of  courfe 
FAE  *=  K :  the  quadrilateral  figures  AFDE,  and 
KHAI,  are  therefore  fimilar,  agd  have  the  Tides 
about  the  equal  angles  proportional ;  apd  it  is 
plain  the  triangles  CFD  and  CHK  are  alfo  propor¬ 
tional  :  hence, 

FD  :  HA  :  :  FA  :  HK 
FD  :  FC  :  :  HK  :  HC 

Wherefore  by  multiplying  the  extremes,  and 
means  in  both,  it  will  be  the  fquare  of  FD  x  HK 
x  HC  =  FC  x  FA  x  HA  x  HK  5  let  HK  be  taken 
from  both?  and  multiply  each  fide  by  CH ;  then 
the  fquare  of  CH  X  by  the  fquare  of  FD  —  FC  x 
FA  x  HA  x  CH. 

It  is  plain,  by  the  foregoing*  problem,  that 
t  AB  X  DE,  +  i  BC  x  DG  +  .l'aC  x  FD  =  the 
area  of  the  triangle ;  or  that  half  the  fum  of  the 
tides,  viz.  CH  x  FD  =  the  triangle  ;  wherefore 
the  fquare  of  CIi  x  by  the  fquare  of  FD  =  FC  x 

'  FA 
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PA  x  IIA  x  CH,  that  is,  the  half  fum  multiplied 
continually  into  the  differences  between  the  half 
lura  and  each  fide,  will  be  the  fquare  of  .the  area 
cf  the  triangle,  and  its  root  the  area.  Ch  E.  D. 

Hence  the  following  problem  will  be  evident. 

P  R  0  B.  Vllf. 

The  three  fides  of  a  fane  triangle  given,  to  find  the  area . 

Rule. 

Prom  half  the  fum  of  the  three  fides  fub tract  each 
fide  feverally  ;  take  the  logarithms  of  the  half  fum 
and  three  remainders,  and  half  their  total  will  be 
the  logarithm  of  the  area:  or,  take  the  fquare  root 
of  the  continued  product  of  the  half  fum  and  three 
remainders  for  the  area. 

Examples. 


Plate  VIII.  fig.  9. 

x.  In  the  triangle  A  PC,  are 

AR  =  10-64  ~)  r  1  t  « 

)  \  r*  of  tour  pole  drains ; 

Given,  <  AC—  12.28  >  /  ,  ,  \ 

*  \  required  the  area  l 

—  Q.00  3 


Sum  31-92 


Half  fum 
Remainders 


15,56  Log.  1.20303 
5.32  —  0.7259  c 

2.6  8  —  °*5^5^5 


O' 
6.96 


0.84261 


2),3 -337 


4' 


Anfwer,  Sqr.  Ch.  46.63  Log.  1.66870 

or,  4.663  Acres. 


O 


*9 


sgo 
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Or,  1 5.96  x  5.32  x  3.68  x  6.96—2174.71 1 13216; 
the  fquare  root  of  which  is  46.63,  for  the  area  as 
before. 

2.  What  quantity  of  land  is  contained  in  a  trian¬ 
gle,  the  3  Tides  of  which  are,  80,  120  and  160  per- 


Anfwer  2  9 A.  7P. 


ches  refpe&ively  ? 


P  R  0  B.  IX. 


Two  fides  of  a  plane  triangle  and  their  included  angle 

given ,  to  find  the  area . 


Rule. 


To  the  log.  fine  of  the  given  angle  (or  of  its  fup- 
plement  to  1800,  if  obtuie)  add  the  logarithms  oi 
the  containing  fides ;  the  fum,  lefs  radius,  will  be 
the  logarithm  of  the  double  area. 


Examples. 


Plate  V.  fig.  16. 

Suppofe  two  fides,  AB,  AC,  of  a  triangular  lot 
ABC,  form  an  angle  of  30  degrees,  and  meal'ure,  one 
64  perches,  and  the  other  40.5,  what  mull  the  com 
tent  be  ? 

Given  angle  30°.  fine  9.69897 


£  64.  log.  1. 806 1 8 
£40.5  log.  1.60745 


2)1296.  log.  3.11260 


i6o)648(4A.  8P.  anfwer. 


8 


2,  Required 
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2.  Required  the  area  of  a  triangle,  two  Tides  of 
which  are,  49.2  and  40.8  perches,  and  their  con¬ 
tained  angle  i44y  degrees  ?  Anfwer,  3A.  2R.  22P. 

t 

3.  What  quantity  of  ground  is  inclofed  in  an  equila¬ 

teral  triangle,  each  Tide  of  which  is  1 00  perches,  either 
angle  being  60  degrees  I  Anfwer,  2  7 A.  ioP. 

Demonftration  of  this  problem. 

Plate  XI.  fig.  3. 

Let  AH  be  perpendicular  to  AR  and  equal  to  AC, 
and  HE,  FCG,  parallel  to  AB ;  then,  making  AH 
(  ~  AC)  radius,  AF  (=  CD)  will  be  the  fine  of 
GAD,  and  the  parallelograms  ABEH  (the  product 
of  the  given  Tides)  and  ABGF  (the  double  area  of 
the  triangle)  having  the  fame  bafe  AB,  are  in  pro¬ 
portion  as  their  heights  AH,  AF ;  that  is,  as  radius 
to  the  fine  of  the  given  angle;  which  proportion 
gives  the  operation  as  in  the  rule  above.  CL  E.  D. 

P  R  0  B.  X. 

To  find  the  area  of  a  trapezoid ,  m.  a  figure  bounded 

by  four  right- lines,  two  of  which  are  parallel,  but 

unequal . 

Rule. 

Multiply  the  Turn  of  the  parallel  Tides  by  their  per¬ 
pendicular  diflance,  and  take  half  the  product  for 
the  area. 

Examples. 

1.  Required  the  area  of  a  trapezoid,  of  which  the 
parallel  Tides  are,  refpe&ively,  30  and  49  perches, 
and  their  perpendicular  diflance  61.6  ? 

61.6 

Note.  On  this  10th  problem  are  founded  mod  of  the  calcukti- 
on-,  of  differences  by  latitude  and  departure;  and  thofe  by  off-ilts, 
following  in  tins  treatife. 


i  2  To  find  the  Content  of  Ground 1 

,  ’  6 1,6 1  Multiply. 

30  +  49  =  790 

2)4866.4 

Anfwer,  2433.2  =  15 A.  33.2P. 

Hate  VIII.  fig.  id. 

*  f  • 

2.  In  the  trapezoid  ABCD  the  parallel  Tides 
are,  AD,  20  perches,  BC,  32,  and  their  perpendi¬ 
cular  diltance,  AB,  26;  required  the  content? 

Anfwer,  4  A.  36P. 

P  R  0  B.  XI. 

To  find  the  content  of  a  trapezium. 

Rule. 

Multiply  the  diagonal,  or  line  joining  the  remote!! 
oppofite  angles,  by  the  Turn  of  the  two  perpendicu¬ 
lars  falling  from  the  other  angles  to  that  diagonal, 
and  half  the  produd  will  be  the  area. 


it.  X  A  M  P  L  E. 

Plate  VII.  fig.  3. 

Let  ABCD  be  a  field  in  form  of  a  trapezium,  the 
diagonal  AG  64.4  perches,  the  perpendicular  3b 
13.6  and  Ydd  27.2,  required  the  Content? 


Diagonal  =  64.47 

13. 6+27.2=  40.8  5 


Multiply. 


2)2627.52 

160)1313. 7 6 (8 A.  3 3  -tP.  Anfwer. 
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Note.  The  method  of  multiplying  together  the 
half  funis  of  the  oppofite  hues  of  a  trapezium  for 
the  content  is  erroneous,  and  the  more  fo  the  more 
oblique  its  angles  are. 

To  draw  the  map  ;  fet  off  A h  28  perches  and  Ad 
34.4,  and  there  make  the  perpendiculars/to  their 
proper  lengths,  and  join  their  extremities  to  thofe  of 
the  diagonal. 

P  R  0  B.  XII. 


To  find  the  area  of  a  circle ,  or  an  ellipfis* 

Rule. 

Multiply  the  fquare  of  the  circle’s  diameter,  or  the 
product  of  the  'longed  and  fhorteft  diameters  of  the 
ellipfis  by  .7854  for  the  area.  Or,  fubtract  0.10491 
from  the  double  logarithm  of  the  circle’s  diameter, 
or  from  the  fum  of  the  logarithms  of  thofe  elliptic 
diameters,  and  the  remainder  will  be  the  logarithm 
of  the  area. 


Note.  In  any  circle,  the 


Diam.  multi.  7 
Circum.  div.  3 


n  T  a 


)  produces  the  Cir. 
l  quotes  the  diam. 


iL  X  A  M  P  L  E  S. 

i.  How  many  acres  are  in  a  circle  of  a  mile 
diameter  ? 

1  Mile  =  320  per.  log.  2.50515 

M0515  • 

5.0 1 03d 
o.  1049 1 


4(0)804215.  log.  4*9°5.39 
4)2010.25 


Anfwer,  502  A.  2R.  2  5 F. 

C  c 


2.  A 
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2.  A  gentleman,  knowing  that  the  area  of  a  cir¬ 
cle  is  greater  than  that  of  any  other  figure  of  equal 
perimeter,  walls  in  a  circular  deer-park  of  100  perch¬ 
es  diameter,  in  which  he  makes  an  elliptical  nfh-pond 
10  perches  long  by  5  wide;  required  the  length  of 
his  wall,  content  of  his  park,  and  area  of  his  pond  ? 

Anfwer,  the  wall  314.16  perches,  inclofing  49A. 
iqP.  of  which  39-J  perches,  or  of  an  acre  nearly, 
is  appropriated  to  the  pond. 

P  R  0  B.  XIII. 

The  area  of  a  circle- given,  to  find  its  diameter. 

Rule. 

To  the  logarithm  of  the  area  add  0.10491,  and 
half  the  fum  will  be  the  logarithm  of  the  diameter. 
Or,  divide  the  area  by  .7854  and  the  fquar  e-root  of 
the  quotient  will  be  the  diameter. 

Example. 

A  horfe,  in  the  midfl  of  a  meadow  fuppofe, 

Made  fall  to  a  hake  by  a  line  from  his  nofe, 

How  long  muft  this  line  be,  that,  feeding  all  round. 

Permits  him  to  graze  juft  an  acre  of  ground? 

A 

Area  in  perches  160  log.  2.20412 

o.  1. 049 1 


2)2-3°9°3 

2)  - 

Diameter  14.2733  log.  1,35451 


Anfwer,  7.13665  per.  ==  1 17F.  9I11. 


PROP. 


*Tv  find  the  Content  of  Ground . 
P  R  0  B.  XIV. 


m 


T 5  make  the  proper  allowance  for  roads. 

It  is  cuftomary  to  dedud  6  acres  out  of  106  for 
roads :  the  land  before  the  dedudion  is  made  may 
be  termed  the  grofs ,  and  that  remaining  after  fuch 
dedudion,  the  neat. 

Rule. 

The  grofs  div.  7  ,  ^  ?  quotes  the  neat. 

The  neat  mul.  5  ^  1,0  ’  J  prod,  the  grofs. 

Examples. 

i.  How  much  land  muff  I  inclofe  to  have  8 50  A, 
2R.  20P.  neat? 


40)20. 

41 2.5 


Acres. 


85O.625X  I.06— 9OI.6625: 


A.  R.  P. 

^90 1 .  2.  26.  the  anf. 


2.  How  much  neat  land  is  there  in  a  trad  of  901  A. 
;R.  26P.  grofs? 


40)26. 

4|  2.65 


Acres. 


1.06)901.6625(850.625: 

848 


A.  R.  P; 

1850.  2.  20.  the  anfw. 


&c. 


Note.  Thefe  two  operations  prove  each  other. 


PROS. 
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P  R  0  B.  XV. 

T 1  find  the  area  of  a  piece  of  ground ,  he  it  ever  fo 
irregular ,  by  dividing  it  into  triangles  and  tra¬ 
pezia r. 

Plate  VII.  fig'.  4. 

We  here  admit  the  furvey  to  be  taken,  and  pro- 
traded ;  by  having  therefore  the  map,  and  know- 
in  the  fcale  by  which  it  was  laid  down,  the  con¬ 
tent  may  be  thus  obtained. 

Difpofe  the  given  map  into  triangles,  by  fine 
pencilled  lines,  fuch  as  are  here  reprefented  by 
pop’d  lines  in  the  fcheme,  and  number  the  tri¬ 
angles  with  1,  2,  3,  4,  Your  map  being  thus 

prepared,  rule  a  table  with  four  columns ;  the 
firlt  of  which  is  for  the  number  of  the  triangle, 
the  fecond  for  the  bafe  of  it,  the  third  for  the 
perpendicular,  and  the  fourth  for  the  content  in 
perches. 

Then  proceed  to  meafure  the  bafe  of  number  x. 
from  the  fcale  of  perches  the  map  was  laid  down, 
and  place  that  in  the  fecond  column  of  the  table, 
under  the  word  bafe;  and  from  the  angle  oppofite 
to  the  bafe,  open  your  compaffes  fo,  as  when 
one  foot  is  in  the  angular  point,  the  other  being 
moved  backwards  and  forwards,  may  juft  touch 
the  bafe  line,  and  neither  go  the  leaf  above  or  be¬ 
neath  it ;  that  difiance  in  the  compaffes,  meafurecj 
from  the  fame  fcale,  is  the  length  of  that  perpen¬ 
dicular,  which  place  in  the  third  column,  under 
the  word  perpendicular. 


If 
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If  the  perpendiculars  of  two  triangles  fall  on  one 
and  the  lame  bale,  it  is  unneceflary  to  put  down  the 
bafe  twice,  but  infer t  the  fecond  perpendicular  op¬ 
posite  to  the  number  of  the  triangles  in  the  table, 
and  join  it  with  the  other  perpendicular  by  a  brace, 
as  No.  1  &  2,  4  &  5,  6  &  7,  9  &  io,  &c. 


Proceed  after  this  manner,  till  you  have  mea- 
fured  all  the  triangles  ;  and  then  by  prob.  6.  find 
the  content  in  perches  of  each  refpe&ive  triangle, 
which  feverally  place  in  the  table  oppofite  to  the 
number  of  the  triangle,  in  the  fourth  column,  un¬ 
der  the  word  content. 

But* where  two  perpendiculars  are  joined  together 
in  the  table,  by  a  brace,  having  both  one  and  the 
fame  bafe  ;  find  the  content  of  each  (being  a  tra¬ 
pezium)  in  perches,  by  prob.  11.  which  place  op¬ 
pofite  the  middle  of  thofe  perpendiculars,  in  the 
fourth  column,  under  the  word  content. 

Having  thus  obtained  the  content  of  each  refp.ee- 
tiye  triangle  and  trapezium,  which  the  map  con¬ 
tains,  add  them  all  together,  and  their  firm  will 
be  the  content  of  the  map  in  perches  ;  which 
being  divided  by  16c,  gives  the  content  in  acres, 
j  bus,  ior 


198 
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Example. 


n9. 

Bafe. 

Perpend. 

Content 

1 

2 

24.8 

1  7'°  \ 
i6-3  5 

412.92 

3 

28.2 

16.0 

225.6 

4 

5 

39-8 

19.6  ^ 

16.2  3 

712.42 

6 

49.4 

29.0  } 

1086.8 

7 

* 

1 5-0  s 

I29.64 

8 

38-7 

6,7 

9 

40.0 

17.0  7 

600. 

10 

1 1 

CO 

4 

10.2  1 

481.5 

12 

1 2-3  5 

*3 

26.2 

17-9 . 

234.49 

14 

24.O 

1 1 .6"? 

259.2 

l5 

10. 0  5 

Content  in  perches  4142.57 


This  being  divided  by  160,  will  give  25  A.  3R. 
22P.  the  content  of  the  map. 


Let  your  map  be  laid  down  by  the  largefc  fcale 
your  paper  will  admit,  for  then  the  bafes  and  per¬ 
pendiculars  can  be  meafured  with  greater  accuracy 
than  when  laid  down  by  a  fmaller  fcale ;  and  if 
pofhble  meafure  from  fcales  divided  diagonally. 


If  the  bafes  and  perpendiculars  were  meafured 
by  four-pole  chains,  the  content  of.  every  trian* 

,rie  and  trapezium,  may  be  had  as  before,  in  prob- 
0  iems 
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kms  6.  and  1 1.  and  confe'quently  the  whole  content 
of  the  map. 

If  any  part  of  your  map  has  fhort  or  crook¬ 
ed  bounds,  as  thofe  reprefented  in  plate  VIL 
fig.  5.  then  by  the  flraight  edge  of  a  tranfparent 
horn,  draw  a  fine  pencilled  line  as  A B,  to  ba¬ 
lance  the  parts  taken  in  and  left  out,  as  alio  ano¬ 
ther,  BG  :  thefe  parts  when  fmall,  may  be  ba¬ 
lanced  very  nearly  by  the  eye,  or  they  may  be 
more  accurately  balanced  by  method  the  third. 
Join  the  points  A  and  C  by  a  line,  fo  will  the 
content  of  the  triangle  ABC,  be  equal  to  that 
contained  between  the  line  AC,  and  the  crooked 
boundary  from  A  to  B,  and  to  C  :  by  this  method 
the  number  of  triangles  will  be  greatly  leffened, 
and  the  content  become  more  certain ;  for  the 
fewer  operations  you  Have,  the  lefs  fubjecb  will 
you  be  to  err ;  and  if  an  error  be  committed,  the 
fooner  it  may  be  difcovered. 

The  lines  of  the  map  fhould  be  drawn  fmall, 
and  neat,  as  well  as  the  bafes ;  the  compaffes  neatly 
pointed,  and  fcale  accurately  divided;  without  all 
which,  you  may  err  greatly.  The  multiplications 
fhould  be  run  over  twice  at  lead;,  as  alfo  the  additi¬ 
on  of  the  column  content. 


From  what  has  been  faid,  it  will  be  eafy  to  furvey 
a  field,  by  reducing  it  into  triangles,  and  mea- 
furlng  the  bafes  and  perpendiculars  by  the  chain. 
To  afcertain  the  content  only,  it  is  not  material  to 
know  at  what  part  of  the  bale  the  perpendicular 
was  taken :  fmce  it  has  been  fhewn  (in  cor.  to 
theo.  iq.  feet.  1.)  that  triangles  on  the  fame 
bafe,  and  between  the  fame*  parallels  are  equal : 
but  if  you  would  draw  a  map  from  the  bafes  and 


perpendiculars,  it  is  evident  that  you  mult  know  at 


what 
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what  part  of  the  bafe  the  perpendicular  was  taken, 
in  order  to  let  it  off  in  its  due  pofition  ;  and  hence 
the  map  is  eafily  conftructed. 

P  R  0  B.  XVI. 


T 


o  determine  the  area  of  a  piece  ofi  ground ,  having 
the  map  given ,  by  reducing  it  to  one  triangle  equal 
thereto ,  and,  thence  jifiding  its  conitnt* 


Plate  VIII.  fig.  5* 


Let  A  B  C  D  E  F  G  H  be  a  map  of  ground, 
which  you  would  reduce  to  one  tnangie  equal 

thereto. 


Produce  any  line  or  tne  map,  as  Ail,  Loth 
ways  ;  lay  the  edge  of  a  parallel  ruler  from  A  to 
C  having  B  above  it;  hold  the  other  fide  of  the 
ruler,  or  that  next  you  faff ;  open  till  the  fame 
edae  touches  B,  and  by  it,  with  a  protracting  pin, 
mark  the  point  b  on  the  produced  line;  lay  the 
ed o-e  of  the  ruler  from  b  to  D,  having  C  above 
it  y,  hold  the  other  fide  faff,  open  till  the  fame 
ecbT-e  touches  C5  and  by  it  mark  the  point  r,  on  tne 
produced  line.  A  Jjne  drawn  from  c  to  I)  will  take 
m  a&  much  as  it  leaves  out  of  the  map. 

Again,  lay  the  edge  of  the  ruler  from  II  to  F, 
having  G  above  it,  keep  the  other  fide  faff,  open 
till  the  fame  edge  touches  G,  and  by  it  mark  the 
point  g,  on  the  produced  line;  lay  the  edge  of 
[he  ruler  from  g-  to  E,  having  F  above  it,  keep 
the  other  fide  faff,  open  till  the  fame  edge 
touches  F,  arid  by  it  mark  the  point/,  on  the  pro¬ 
duced  line.  Lav  the  edge  of  the  ruler  from  /  to 

I)  bavin?  E  above  it,  "keep  the  other  fide  faff, 

open 
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open  till  the  fame  edge  touches  E,  and  by  it  mark 
the  point  e ,  on  the  produced  line.  A  line  drawn 
from  D  to  e ,  will  take  in  as  much  as  it  leaves  out« 
Thus  have  you  the  triangle  c  D  e,  equal  to  the  ir-* 
regular  polygon  A  B  C  I)  E  F  G  H. 

If  when  the  ruler’s  edge  be  applied  to  the 
points  A  and  C,  the  point  B  falls  under  the  ruler, 
hold  that  fide  next  the  faid  points  fad,  and  draw 
back  the  other  to  any  convenient  didance;  then 
hold  this  lall  fide  fad,  and  draw  back  the  former 
edge  to  B,  and  by  it  mark  b ,  on  the  produced 
line ;  and  thus  a  parallel  may  be  drawn  to  any 
point  under  the  ruler,  as  well  as  if  it  were  above 
it.  It  is  bed  to  keep  the  point  of  your  protracting 
pin  in  the  lad  point  in  the  extended  line,  till  you 
lay  the  edge  of  the  ruler  from  it  to  the  next  dati- 
on*  or  you  may  midake  one  point  for  another. 

This  may  alfo  be  performed  with  a  fcale,  or 
ruler,  which  has  a  thin  Hoped  edge,  called  a 
hducial,  or  fure  edge ;  and  a  fine  pointed  pair  of 
compafles.  Thus, 

-  Lay  that  edge  on  the  points  A  and  C,  take  the 
didance  from  the  point  B  to  the  edge  of  the  fcale* 
10  that  it  may  only  touch  it,  in  the  fame  manner  as 
you  take  the  perpendicular  of  a  triangle ;  carry 
that  didance  down  by  the  edge  of  the  lcale  paral¬ 
lel  to  it,  to  b ;  and  there  defcribe  an  arc  on  the 
point  b ,  and  if  it  jud  touches  the  ruler’s  edge, 
the  point  b  is  in  the  true  place  of  the  extended 
line.  Lay  then  the  hducial  edge  of  the  fcale 
from  b  to  D,  and  take  a  didance  from  C,  that  will 
jud  touch  the  edge  of  the  fcale  ;  carry  that  dif- 

D  d^  tance 
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tance  along  the  edge,  till  the  point  which  was  in 
C,  cuts  the  produced  line  in  c;  keep  that  foot  in 
c ,  and  defcribe  an  arc,  and  if  it  juft  touches  the 
ruler’s  edge,  the  point  c  is  in  the  true  place  of  the 
extended  line.  Draw  a  line  from  c  to  D,  and  it 
will  take  in  and  leave  out  equally :  in  like  manner 
the  other  fide  of  the  figure  may  be  balanced  by 
the  line  e  D. 


Let  the  point  of  your  compares  be  kept  to  the 
lafi  point  of  the  extended  line,  till  you  lay  your 
fcale  from  it  to  the  next  ftation,  to  prevent  miftakes 
from  the  number  of  points. 

That  the  triangle  c  D>  e,  is  equal  to  the  right- 
lined  figure  ABCDEFGH,  will  be  evident  from 
problems  18.  19.  fett.  1.  for  thereby,  if  a  line 
were  drawn  from  b  to  C,  it  will  give  and  take 
equally,  and  then  the  figure  b  C  D  E  F  G  H,  will 
be  equal  to  the  map.  Thus  the  figure  is  leffened 
by  one  fide,  and  by  the  next  balance  line  will 
leffen  it  by  two,  and  fo  on,  and  will  give  and  take 
equally.  In  the  fame  manner  an  equality  will  arife 
on  the  other  fide. 

The  area  of  the  triangle  is  eafily  obtained,  as 
before,  and  thus  you  have  the  area  of  the  map. 

It  is  befl  to  extend  one  of  the  fhorteft  lines  of 
the  polygon,  becaufe  if  a  very  long  line  be  pro¬ 
duced,  the  triangle  will  have  one  angle  very  ob- 
tufe,  and  confequently  the  other  two  very  acute ;  in 
which  cafe  it  will  not  be  eafy  to  determine  exactly 
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the  length  of  the  longed  fide,  or  the  points  where 
the  balancing  lines  cut  the  extended  one. 

This  method  will  be  found  very  ufeful  and  ready- 
in  fmall  enclofures,  as  well  as  very  exad ;  it  may 
be  alfo  ufcd  in  large  ones,  but  great  care  mull  be 
taken  of  the  points  on  the  extended  Line,  which 
will  be  crowded,  as  well  as  of  not  miffing  a  itation. 


P  R  0  B.  XVII. 

A  Map  with  its  area  being  given ,  and  its  fcale 
omitted  to  be  either  drawn  or  inentioned;  to  find 
the  fcale . 

CAST  up  the  map  by  any  fcale  whatfoever, 
and  it  will  be. 

As  the  area  found 

Is  to  the  fquare  of  the  fcale  by  which  you  cafl  up, 

:  :  The  given  area  of  the  map 

To  the  fquare  of  the  fcale  by  which  it  was  laid  down. 

The  fquare  root  of  which  will  give  the  fcale. 


Example. 

A  map  whofe  area  is  126A.  3R.  16P.  being 
given  y  and  its  fcale  omitted  to  be  either  drawn  or 
mentioned ;  to  find  the  fcale. 

Suppofe  this  map  was  cad  up  by  a  fcale  of  20 
perches  to  an  inch,  and  the  content  thereby  pro¬ 
duced  be  31  A.  2R.  34P. 


As 
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As  the  area  found,  31  A.  2R.  34P.  =  5074P. 

Is  to  the  fquare  of  the  fcale  by  which  it  was  ca ft 
up,  that  is,  to  20  x  20  ==  400, 

:  :  The  given  area  of  the  map  126A.  3R.  ,i6P. 
=  20296P. 

To  the  fquare  of  the  fcale  by  which  it  was  laid  down, 

5074  :  400  :  :  20296  ;  1600  the  fquare  of  the 
required  fcale. 


Root. 

1600(40 

16 


8)00 


Anfwer.  The  map  was  laid  down  by  a  fcale  of 
40  perches  to  an  inch. 

P  R  0  B.  XVIII. 

How  to  find  the  true  content  of  a  furvey ,  though  it 
be  taken  by  a  chain  that  is  too  long  or  too  Jhort, 

Let  the  map  be  conflru&ed,  and  its  area  found 
as  if  the  chain  were  of  the  true  length.  And  it  will 
be 

As  the  fquare  of  the  true  chain 
Is  to  the  content  of  the  map, 

:  :  The  fquare  of  the  chain  you  furveyed  by 
To  the  true  content  of  the  map. 


Example. 
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Example. 

If  a  furvey  be  taken  with  a  chain  which  is  3 
inches  too  long  ;  or  with  one  whofe  length  is 
42  feet  3  inches,  and  the  map  thereof  be  found 
to  contain  920A.  2R.  20P.  Required  the  true 

content. 

As  the  iquare  o.f  42F.  oln.  =  the  fquare  of  504 
inches  =  254016 

Is  to  the  content  of  the  map  9 20 A.  iR.  20P. 
=  147260P. 

:  :  The  fquare  of  42F.  3!^  =  the  fquare  of  507 
inches  =  257049 

To  the  true  content. 

p.  p. 

254016  :  147260  :  :  257049  :  149019 

A.  R.  p. 

160)149019(931  .  1  .  19  anfwerf 
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! Third  Method  for  determining  the  Areas  of  right - 
lined  Figures  univerfally ,  or  by  Calculation . 


CALCULATION. 


DEFINITIONS. 


Plate  VIII.  fig.  7, 


i. 


ERIDIANS  are  north  and  fouth  lines,, 
which  are  fuppofed  to  pafs  through  every 
flation  of  the  furvey. 


2.  The  difference  of  latitude,  or  the  northing 
or  fouthing  of  any  flationary  line,  is  the  diflanice 
that  one  end  of  the  line  is  north  or  fouth  from 
the  other  end  ;  or  it  is  the  diflance  which  is  in¬ 
tercepted  on  the  meridian,  between  the  beginning 
of  the  flationary  line  and  a  perpendicular  drawn 
from  the  other  end  to  that  meridian.  Thus,  if  N. 
S.  be  a  meridian  line  palling  through  the  point  A 
of  the  line  AB,  then  is  Ab  the  difference  of  lati¬ 
tude,  or  fouthing  of  that  line. 
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3.  The  departure  of  any  ftationary  line,  is  the 
neareft  diftance  from  one  end  of  the  line  to  a 
meridian  palling  through  the  other  end.  Thus 
B6  is  the  departure  or  eafting  of  the  line  AB : 
but  if  CB  be  a  meridian,  and  the  meafure  of  the 
flationary  diftance  be  taken  from  B  to  A ;  then  is 
EC  the  difference  of  latitude,  or  northing,  and 
AC  the  departure  or  welling  of  the  line  BA. 

4.  That  meridian  which  paffes  through  the  firft 
illation,  is  fometimes  called  the  firft  meridian ;  and 
fometimes  it  is  a  meridian  paffing  on  the  eaft  or 
weft  fide  of  the  map,  at  the  diftance  of  the  breadth 
thereof,  from  eaft  to  weft,  let  off  from  the  firft 
flation. 

5.  The  meridian  diftance  of  any  flation  is  the 
diftance  thereof  from  the  firft  meridian,  whether  it 
be  fuppofed  to  pafs  through  the  firft  flation,  or  on 
the  eaft  or  weft  fide  of  the  map. 


T  H  E  0.  I. 

In  every  furvey  which  is  truly  taken,  the  fum  of 
the  northings  will  be  equal  to  that  of  the  fouthings ; 
and  the  fum  of  the  callings  equal  to  that  of  the 
weftings. 

Plate  IX.  fig.  1. 

Let  a ,  £,  r,  fy  g ,  h ,  reprefent  a  plot,  or  parcel 
of  land.  Let  a  be  the  firft.  flation,  b  the  fecond, 
€  the  third,  &c.  Let  NS  be  a  meridian  line,  then 
will  all  lines  parallel  thereto,  which  pafs  through 
the  feveral  ftations,  be  meridians  alfo  ;  as  ao,  bs , 

uL 
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cd ,  &c.  and  the  lines  bo ,  cr,  &c.  perpendicu^ 
Jar  to  thole,  will  be  eaft  or  well  lines,  or  de=* 
partures. 

The  northings  ei  +  go  -f-  hqr=ao  +  bJ  +  ‘cd  +  fr  the 
fouthings :  for  let  the  figure  be  completed ;  then  it 
is  plain,  that  go  +  hq  +  rk  =±=  ao  +  bs  +  cd ,  and  ei — - 
rk  —  fr *  If  to  the  former  part  of  this  firft  equa* 
tion  ei — rk  be  added,  and  fr  to  the  latter,  then 
go  +  hq  +  ei  =  ao  +  bs  +  cd  +  fr  ;  that  is,  the  fum  of 
the  northings  is  equal  to  that  of  the  fouthings. 

s 

The  eaftings  cs  +  qa  =  ob  +  de  +  if  +  rg  +  ah^ 
the  weftings.  For  aq  +  yd  ( dz )  =±=  de  +  if  +  rg  -J- 
ob,  and  bo  —  cs  — -  yo.  If  to  the  former  part  of 
this  firft  equation,  cs — yo  be  added,  and  bo  to 
the  latter,  then  cs  +  aq  =  ob  +  de  +  if  +  rg  +  oh  ; 
that  is,  the  fum  of  the  eaftings  is  equal  to  that  of 
the  weftings.  Ch  E.  D. 

SCHOLIUM. 

This  theorem  is  of  ufe  to  prove  whether  the 
field-work  be  truly  taken,  or  not  :  for  if  the  fum 
of  the  northings  be  equal  to  that  of  the  fouth- 
inns,  and  the  funl  of  the  eaftings  to  that  of 
the  weftings,  the  field-work  is  right,  otherwife 
not. 

Since  the  proof  and  certainty  of  a  furvey  de¬ 
pend  on  this  truth,  it  will  be  neceflary  to  Ihew 
how  the  difference*  of  latitude  and  departure  for 
anv  ftationary  line,  whofe  courfe  and  diftance  are 
given,  may  be  obtained  by  the  tables  hereunto 
asnexed. 


To 
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T’o  find  the  Difference  of  Latitude  and 
Departure ,  by  the  Help  of  the  an - 
nexed  Table. 

This  table  is  fo  contrived,  that,  by  finding  there¬ 
in  the  given  courfe,  and  a  diftance  not  exceeding 
100  miles,  chains,  perches,  or  feet,  the  differ¬ 
ence  of  latitude  and  departure  is  had  by  inspec¬ 
tion  :  the  courfe  is  to  be  found  at  the  top  of  the 
table  when  under  45  degrees ;  but  at  the  bottom 
of  the  table  when  above  45  degrees.  Each  column 
figned  with  a  courfe  confiits  of  two  parts,  one  for 
the  difference  of  latitude,  marked  Lat.  the  other 
for  the  departure,  marked  Dep.  which  names  are 
both  at  the  top  and  bottom  of  thefe  columns.  The 
diftance  is  to  be  found  in  the  column  marked  Dift. 
next  the  margin  of  ithe  page. 


E  x  A  M  P  L  E* 

In  the  ufe  of  thofe  tables,  a  few  obfervations  only 
are  neceffary. 

1.  If  a  ftation  conTift  of  any  number  of  even 
chains  ot  perches  (which  are  almoft  the  only  mea- 
fures  ufed  in  furveying)  the  latitude  and  departure 
are  found  at  fight  under  the  bearing  or  courfe,  if 
lefs  than  45  degrees ;  or  over  it  if  more,  and  in  a. 
line  with  the  diffance. 

2.  If  a  ftation  confift  of  any  number  of  chains 
and  perches,  and  decimals  of  a  chain  or  perch, 
under  the  diftance  10,  the  lat.  and  dep.  will  be 
found  as  above,  either  over  or  u^ider  the  bearing  ; 

E  e  the 
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the  decimal  point  or  feparatrix  being  removed  one 
figure  to  the  left,  which  leaves  a  figure  to  the  right 
to  fpare. 

3.  If  the  diftance  be  any  number  of  chains  ot 
perches,  and  the  decimals  of  a  chain  or  perch,  the 
lat.  and  dep.  muff  be  taken  out  at  two  or  more 
operations,  by  taking  out  the  lat.  and  dep.  for  the 
chains  or  perches  in  the  firlt  place,  and  then  for 
the  decimal  parts. 

To  fave  the  repeated  trouble  of  additions,  a  judi¬ 
cious  furveyor  will  always  limit  his  ftations  to  whole 
chains,  or  perches  and  lengths,  which  can  common¬ 
ly  be  done  at  every  fiation,  fave  the  laft. 

1.  In  order  to  illuftrate  the  foregoing  obfervati=* 
ons,  let  us  fuppofe  a  courfe  or  bearing,  to  be  S» 
35®.  15'  E.  and  the  diftance  79  four-pole  chains. 
Under  35°.  1 5',  or  35^  degrees,  and  oppofite  79, 
we  find  64.  52  for  the  latitude,  and  45.  59  the 
departure,  which  fignify  that  the  end  of  that  fta- 
tion  differs  in  latitude  from  the  beginning  64.  52 
chains,  and  in  departure  45.  59  chains. 


Note.  We  are  to  underftand  the  fame  things  if 
...  o 

the  diftance  is  given  in  perches  or  any  other  mea- 
lures,  the  method  of  proceeding  being  exaclly  the 
fame  in  every  cafe. 

Again,  let  the  bearing  be  54-*-  degrees,  and 
diftance  as  before  ;  then  over  faid  degrees  we  find 
the  fame  numbers,  only  with  this  difference,  that 
the  lat.  before  found,  will  now  be  the  dep.  and 
the  dep.  the  lat.  becaufe  54^  is  the  complement 
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of  35^  degrees  to  90,  viz.  lat.  45.  59.  dep.  6 4.’ 
52* 

2.  Suppofe  the  fame  courfe,  but  the  diftance 
7  chains  90  links,  or  as  many  perches.  Here  we 
find  the  fame  numbers,  but  the  decimal  point  mull 
be  removed  one  figure  to  the  left. 

Thus,  under  35^,  and  in  a  iine  with  79  or  7*9? 
are 

Lat.  6.  45 
Dep.  4.  56 

the  5  in  the  dep.  being  increafed  by  i,  becaufe  the 
9  is  rejected  ;  but  over  54^  wp  get 

Lat.  4.  56 
Dep.  6.  45 

3.  Let  the  courfe  be  as  before,  but  the  diftance 
7.  79,  then  oppofite 


7.  70 

Lat.  6.  29 

Dep.  4.  43 

9 

7 

6 

7-  79 

6.  36 

4. 49 

Or  oppofite 

0 

0 

• 

Lat.  5.  72 

Dep.  4.  03 

•  79 

.  64 

.  46 

7-  79 

6.  36 

4. 49 

THEO . 


CALCULATION, 


T  H  E  0.  II. 

When  the  firjl  meridian  paffes  through  the  map. 

If  the  eaft  meridian  di/lances  in  the  middle  of  each 
line  be  multiplied  into  the  particular  fouthing ,  and 
the  weft  jneridian  diftances  into  the  particular  north - 
mg,  the  fum  of  thefe  products  will  be  the  area  of 
the  map. 

Plate  X,  fig.  i. 

Let  the  figure  abkm  be  a  map,  the  lines,  aby  bk 
to  the  Southward,  and  km ,  ma  to  the  northward, 
JSIS  the  firfl  meridian  line  palling  through  the 
firfl  Ration  a . 

The  meridian  7  zd 
Diftances  eaftj  iu 

The  meridian  7  f  *  gx  ? _ Arpn  ?  xp 

Diftances  weft  3  nb  x  ga( my)  3  "  ‘  5  gl 

Thefe  four  areas  am  ft-  ow  +  xp  4-  gl  will  be  the 
area  of  the  whole  figure  cmfwiprlc ,  which  is  equal 
to  the  area  of  the  map  abkm .  Complete  the  fi¬ 
gure. 

The  parallelograms  am  and  ow9  are  made  of  the 
eaft  meridian  diftances  dz  and  tu ,  multiplied  into 
the  fouthings  ao  and  ox.  The  parallelograms  xp 
and  gl  are  compofed  of  the  weft  meridian  dif¬ 
tances 


X  ao  7 
X  ox  (by )  3 


Area 


? 


am 
3  aw 


V 
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tdnces  eft  and  hh,  multiplied  into  the  northings  xg 
&nd  ga  ( my )  but  thefe  four  parallelograms  are  equal 
to  the  area  of  the  map ;  for  if  from  them  be  taken 
the  four  triangles  marked  Z,  and  in  the  place  of 
thofe  be  fubftituted  the  four  triangles  marked  O, 
which  are  equal  to  the  former ;  then  it  is  plain  the 
area  of  the  map  will  be  equal  to  the  lour  paral¬ 
lelograms.  E.  D. 


T  H  E  Q.  III. 


Jft  the  meridian  .diftance  when  eaft ,  he  multiplied  in¬ 
to  the  fouthings ,  and  the  meridian  dijiance  when 
weft  he  multiplied  into  the  northings ,  the  fum  ef 
thefe  lefts  by  the  meridian  diftance  when  weft , 
multiplied  into  the  fouthings ,  is  the  area  of  the 
Jurvey . 


Plate  X.  fig.  2. 

* 

Let  a  b  c  be  the  map.. 


The  figure  being  completed,  the  re&angie  of 
Is  made  of  the  meridian  diffance  eq  when  eaft, 
multiplied  into  the  fouthing  an ;  the  rectangle  yk 
is  made  of  th.e  meridian  diftance  multiplied 
into  the  northing  cz  or  ya.  Thefe  two  rectangles, 
or  parallelograms,  aft  +  yk ,  make  the  area  of  the 
figure  dfnyikd ,  from  which  taking  the  redt  angle 
oy,  made  of  the  meridian  diftance  tu  when  weft, 
into  the  fouthing  oh  or  bin ,  the  remainder  is  the 
area  of  the  figure  dfohikd ,  which  is  equal  to  the 
area  of  the  map. 

Let 
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*  14- 

Let  bou  =5  Y,  urih  =  L,  r/V  ===  O,  wrc  ==  Z, 

■=  K,  and  ^  =  B,  ade  =  A.  I  fay,  that  Y  4  Z  4  R 
3=5  K  4  L  4  A. 

Y  =  L  4  O,  add  Z  to  both,  then  Y  4-  Z  =  L  4  O 
4*  Z  ;  but  Z  4  O  —  K,  put  K  inftead  of  Z  4  O, 
then  Y  4  Z  =  L  4  K,  add  to  both  fides  the  equal 
triangles  B  and  A,  then  Y  4Z4B==L4K4  A. 
If  therefore  B  4  Y  4  Z  be  taken  from  abc ,  and  in 
lieu  thereof  we  put  L  4  K  4  A,  we  fhall  have 
the  figure  djohikd  ==  abc^  but  that  figure  is  made 
up  of  the  meridian  diftance  when  eaft,  multiplied 
into  the  fouthing,  and  the  meridian  diftance,  when 
weft,  multiplied  into  the  northing  lefs  by  the  meri¬ 
dian  diftance,  when  weft,  multiplied  into  the  fouth¬ 
ing,  Ch  E.  D. 


COROLLARY, 

Since  the  meridian  diftance  (when  weft)  multipli¬ 
ed  into  the  fouthing,  is  to  be  fubtraded,  by  the 
fame  reafoning  the  meridian  diftance  when  eaft, 
multiplied  into  the  northing,  muft  be  alfo  fubtrad- 
ed, 


SCHOLIU  M. 

From  the  two  preceding  theorems -we  learn  how 
to  find  the  area  of  a  map,  when  the  firft  meridi¬ 
an  pafles  through  it ;  that  is,  when  one  part  of  the 
map  lies  on  the  eaft  and  the  other  on  the  weft  fide 
pf  that  meridian.  Thus, 


Rule, 
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Rule. 

The  merid.  ^  eaft  C  multiplied  C  fouthings  *) 
Dift.  when  5  weft  £  into  the  £  northings  3 
their  fum  is  the  area  of  the  map. 


But, 

The  merid.  C  eaft  7  multiplied  C  northings  ? 

Dift.  when  £  weft  3  into  the  £  fouthings  3 
the  fum  of  thefe  products  taken  from  the  former, 
gives  the  area  of  the  map. 

Thefe  theorems  are  true,  when  the  furveyor  keeps 
the  land  he  furveys.  on  his  right  hand,  which  we 
fuppofe  thro’  the  whole  to  be  done ;  but  if  he  goes 
the  contrary  way,  call  the  fouthings  northings,  and 
the  northings  fouthings,  and  the  fame  rule  will 
hold  good. 


General  Rule  for  finding  Meridian 

Diftanccs. 

i.  The  meridian  diftance  and  departure,  both 
eaft,  or  both  weft,  their  fum  is  the  meridian  dif¬ 
tance  of  the  fame  name. 

e.  The  meridian  diftance  and  departure  of  difie- 
rent  names ;  that  is,  one  eaft  and  the  other  weft, 
their  difference  is  the  meridian  diftance  of  the  fame 
name  with  the  greater. 


Thus 
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Thus  in  the  firfl  method  of  finding  the  area,  as 
in  the  following  field-book. 

The  firfl  departure  is  put  oppofite  to  the  north- 
inf7-  or  fouthmg  of  the  firfl  Ration,  and  is  the  firfl 
meridian  diflance  of  the  fame  name.  Thus  if 
the  firfl  departure  be  eafl,  the  firfl  meridian  dis¬ 
tance  will  be  the  fame  as  the  depaituie,  and  eafl  Ux- 


and  if  weft,  it  will  be  the  fame 

way. 

The  firfl  meridian  diflance 

6.61 

E. 

The  next  departure 

6.61 

E. 

The  fecond  meridian  diflance 

13.22 

E. 

The  next  departure 

1.80 

E. 

The  third  meridian  difiance 

15.02 

E.- 

At  Ration  5,  the  meridian  difiance  5.78  E< 
The  next  departure  7*7^  W. 

The  next  meridian  difiance  1*98  W. 


At  Ration  11,  the  meridian  diflance 
The  next  departure 

The  next  meridian  difiance 


0.12  W. 

5*84  L. 


5.72  E. 


Plate  X.  fig.  3. 

In  the  5th  and  1  ith  Rations,  the  meridian  dif- 
tances  being  lefs  than  tiie  departures,  and  or  a  con¬ 
trary  name,  the  map  will  eroi's  the  firfl  meridian, 

and  will  pafs  as  in  die  5th  line,  from  the  eafl  to 

the 
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the  weft  fide,  of  the  meridian;  and  in  the  nth 
life  it  will  again  crofs  from  the  eaft  to  the  weft 
fide,  which  will  evidently  appear,  if  the  field-work 
be  protra&ed,  and  the  meridian  line  palling  through 
the  flrft  ftation,  be  drawn  through  the  map. 


The  field-book  call  up  by  the  flrft  method,  will 
be  evident  from  the  two  foregoing  theorems,  and 
therefore  requires  no  further  explanation  ;  but  io 
find  the  area ,  by  the  fiecond  method ,  take  this 


Rule. 

When  the  meridian  diftances  are  eaft,  put  the 
produ&s  of  north  and  fouth  areas  in  their  proper 
columns ;  but  when  weft,  in  their  contrary  columns ; 
that  is,  in  the  column  of  fouth  area,  when  the  dif¬ 
ference  of  latitude  is  north  ;  and  in  north  area  when 
fouth  :  the  reafon  of  which  is  plain,  from  the  two 
laft  theorems.  The  difference  of  thefe  two  columns 
will  be  the  area  of  the  map. 


F  f 


F  I  E  L 


m 

iS 


F  i  e  l  b  -  B  o  o  k,  Method  I. 


No 

St.J 

1 

j 

j 

2 

t 

Bearings.  C.  E.  ^ 

_ati.  and 
lalfDep. 

Merid. 

Dift. 

Area. 

Deduct. 

NE  75 

\l 

13-70] 

<  3-54 

2  6.61 

6.61  E 
[3.22  E 

23*3994 

!  1 
NE  2o\  10.30;. 
1 

^  9.65 

£  1.80 

15.02  E 
16.82  E 

144.9430 

3 

Eaft  j 

<} 

l6.20* 

0.00 
E  8.10 

24.92  E 
33.02  E 

4 

SW  33y  ' 
i 

35-3°; 

S  29.44 
W  9.74 

23.28  E 

13-54 E 

685.3632 

16.00 

S  3.87 
W  7.76 

5.^8  E 
1.98W 

22.3686 

5 

SW  76 

6 

North 

9-00 

N  9.00 
0.0c 

1.98W 

1.98W 

17.8200 

7 

SW  84 

I  1.60 

S  1. 21 
w  5.77 

7.75W 
1 3.52  W 

9*3775 

8 

NW  53i 

jl  1.60 
1 

N  6.94 
W  4.64 

18.16W 

22.80W 

126.0304 

i 

9 

NE  36I 

j  19.20 

N  15.38 
E  5.74 

1 7.06W 
1 1.32W 

262.3828 

;  ■■ — - 

IC 

i 

NE  22\  1 4.0c 

1  i 

N  12.9' 
E  2.68 

8.64W 

5.96W 

0.1 2  w 
1-  5*72  1 

1 1 1. 7152 

ii|  SE  76I j 1 2.0c 

I  I 

S  2.75 
E  5.8. 

0.3300 

i: 

j 

2  SW  15  '10.85 
!  \ 

S  10.4* 
W  I.4< 

3  4.32  I 
D  2  92  I 

> 

45-273< 

| 

!  j 

1 3 j  SW  i6|io.is 

Is  9 .6< 

iw  I.4< 

?  >-46  1 

5j  0.00 

L  i4*I47z 

j 

2  e> 

;j  i?8-°499 
V 

1285.101: 
178  o49< 

Content  in  chains,  1  107.051 

The  foregoing  Field-Book,  Method  II.  219 

is  needlefs  here  to  infert  the  columns  of  bearing  or 
di/lances  in  chains ,  being  the  fame  as  before . 


No  Lati.  and 

St  half  Dep 

Merid. 

Dift. 

N.  Area. 

S.  Area. 

.  N  3.54 
E  6.61  1 

6,61  S  23.3994 
3.22  E;  0 

,  N  9-63 
E  1.80 

\ 

[5.02  E 
[6.82  E 

144.943G 

0.00 

3  E  8.10 

24.92  E 
33.02  E 

S.  29.44 
4  W  9  74 

23.28  E 

13-54 E 

685.3632 

S  3.87 
5  W  7.76 

5.78  E 

1  98  W 

22.3686] 

g  N  9.00 
0.00 

1.98W 
1.98  w 

17.8200] 

S  1. 21 

7  VV  5.77 

7.75W 

13.52W 

9-3775 

a  N  6*94 
5  W  4.64 

I8.I6W 

22.80W 

126.0304! 

0  N  15.38 
9  E  5.74 

1 7.06W 

1 1.32  w 

262.3828 

N  12.93 
E  2.68 

j 

8.64W 

5.96W 

1 1 1. 7152 

iiS  2'75 
jE  5'8i 

0.I2W 

5.72  E 

0.330c 

5 

S  io.4f 
W  1.4c 

>  4  32  I 

3  2.92  1 

■» 

45-273* 

„s  9‘6< 

5W  1.4 

2  1.46  I 
6  0.00 

- 

14.147^ 

4 

?  ] 
)j 

d 

178.0499  1285. 101. 
j  1 78.049* 

J  Area  in  chains,  as  before,  J 
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The  Confiruchon  of  the  Map  from  ei¬ 
ther  the  i ft  or  2  d  Table. 

Plate  X.  fig.  3. 

Braw  the  line  NS.  for  a  north  and  fouth  line, 
which  call  the  firft  meridian ;  in  this  line  affume 
any  point,  as  1,  for  the  firft  ftation.  Set  the 
northing  of  that  ftationary  line,  which  is  3.54, 
from  1  to  2,  on  the  faid  meridian  line.  Upon 
the  point  2  raife  a  perpendicular  to  the  eaftward, 
the  meridian  diftance  being  eafterly,  and  upon  it 
fet  13.22,  the  fecond  number  in  the  column  of 
meridian  diftance,  from  2  to  2,  and  draw  the  line 
i  2,  for  the  firft  diftance  line :  from  2  upon  the 
firft  meridian,  fet  the  northing  of  the  fecond  fta¬ 
tionary  line,  that  is,  9.65  to  3,  and  on  the  point 
3  eredl  a  perpendicular  eaftward,  upon  which 
fet  the  meridian  diftance  of  the  fecond  ftation 
16.82,  from  3  to  3,  and  draw  the  line  2  3,  for 
the  diftance  line  of  the  fecond  ftation.  And 
fince  the  third  ftation  has  neither  northing  nor 
fouthing,  fet  the  meridian  diftance  of  it  33.02, 
from  3  to  4,  for  the  diftance  line  of  the  third  fta¬ 
tion.  To  the  fourth  ftation  there  is  29.44,  fouth¬ 
ing,  which  fet  from  3  to  5  ;  upon  the  point  3  eredfc 
the  perpendicular  5  5,  on  which  lay  13.34,  and 
draw  the  line  4  5. 

In  the  like  manner  proceed  to  fet  the  northings 
and  fouthings  on  the  firft  meridian,  and  the  meri¬ 
dian  diftances  upon  the  perpendiculars  raifed  to 
the  eaft  or  weft;  the  extremities  of  which  connect¬ 
ed  by  right  lines,  will  complete  the  map. 


A  Spe- 
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A  Specimen  of  the  P ennfyldania  Me¬ 
thod  of  CALCULATION; 
'which,  for  its  Simplicity  and  Eafe, 
in  finding  the  Meridian  Di fiances ,  is 
fuppofed  to  be  preferable  in  Praaicc 
to  any  Thing  heretofore  pnblijhed  on 
the  Subje'cl. 


ITj1  IND  in  the  fir  ft  place,  by  the  following  ta- 
JL  bles,  the  lat.  and  dep  for  the  feveral  courfes 
and  diftances,  as  already  taught ;  and  if  the  ihiv 
vey  be  trulv  taken,  the  fums  of  the  northings 
and  fouthings  will  be  equal,  and  alfo  thofe  of  the 
eaftings  and  we -tings.  Then  in  the  next  place, 
find  the  meridian  diftances,  by  choofing  fiich  a 
place  in  the  column  of  eaftings  or  wettings,  as 
will  admit  of  a  continual  addition  of  the  one,  and 
fubtraccion  of  the  other ;  by  which  means  we 
avoid  the  inconvenience  of  changing  the  denomi¬ 
nation  of  either  of  the  departures. 


The  learner  muft  not  expe£l  that  in  real  prac¬ 
tice  the  columns  of  lat.  and  thofe  of  dep.  will 
exactly  balance  when  they  are  at  firft  added  up, 
for  little  inaccuracies  will  arife,  both  from  the  ob- 
fervations  taken  in  the  field,  and  in  chaining ; 
which  to  adjuft,  previous  to  finding  the  meridian 
diftances,  we  may  obferve,  That  if,  in  final!  mr- 
veys,  the  difference  amount  to  two  tenths  of  a 
perch  for  every  ftation,  there  muft  have  been  fame 
error  committed  in  the  field ;  and  the  beft  way 
in  this  cafe,  will  be  to  rectify  it  on  the  ground  by 
a  reTurvey,  or  at  leaft  as  much  as  will  difcover 
the  error.  But  when  the  differences  are  within 

thefe 
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thefe  limits,  the  work  may  be  balanced  in  the 
following  manner :  on  a  flate,  or  mparate  piece 
of  paper,  find  the  lat.  and  dep.  to  each  courfe 
and  diitance,  as  in  the  following  example,  ob- 
ferving  to  add  an  half  of  the  diffeiencca  to  the 
numbers  in  the  lefler  column,  and  to  fubtraff  it 
from  thofe  of  the  greater,  in  fuch  manner,  as  that 
the  numbers  may  be  altered  nearly  in  propoition 
to  their  correfponding  diftances. 
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The  latitudes  and  departures  being .  thus  ba¬ 
lanced,  proceed  to  infert  the  meridian  dift 
tances  by  the  above  method,  where  we  Hill  make 
ufe  of  the  fame  field-notes,  only  changing  chains 
and  links  into  perches  and  tenths  of  a  perch. 
Then  by  looking  along  the  column  of  depar¬ 
ture,  it  is  eafy  to  obferve,  that  in  the  columns  of 
eafling,  oppofite  ftation  9,  all  the  callings  may 
be  added,  and  the  weftings  fubtraded  without  al¬ 
tering  the  denomination  of  either.  Therefore 
by  placing  46.0,  the  eaft  departure  belonging  to 
this  ftation  in  the  column  of  meridian  diftances, 
and  proceeding  to  add  the  eaftings  and  fub trail 
the  weftings,  according  to  the  rule  already  men¬ 
tioned,  we  fhall  find  that  at  ftation  3,  thefe  oil- 
tances  will  end  in  o,  o,  or  a  cypher,  ir  the^  ad¬ 
ditions  and  fubtradions  be  rightly  made.  Then 
multiplying  the  upper  meridian  diftance  of  each 
ftation  by  its  refpedive  northing  or  font  king, 
the  product  will  give  the  north  or  fouth  aiea,  as 
in  the  examples  already  infilled  on,  and  which  is 
fully  exemplified  in  the  annexed  fpecimen.  When 
thele  produds  are  all  made  out,  and  placed  in 
their  refpedive  columns,  their  difference  wid 
give  double  the  area  of  the  plot,  or  twice  the 
number  of  acres  contained  in  the  luivey.  Li- 
vide  this  remainder  by  2,  and  the  quotient  thence 
arifing  by  160  (the  number  of  perches  in  an  acre) 
then  will  this  laft  quotient  exhibit  the  number 
of  acres  and  perches  contained  in  the -whole  lui- 
very  ;  which,  in  this  example,  may  be  called  no 
acres,  103  perches,  or  110  acres,  2  quarters,  23 
perches. 


FIELD- 
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FIELD-NOTES  of  the  two  fore - 
going  Methods,  as  praBifed  in  Penn¬ 
sylvania. 


Cad  up  by  perches  and  tenths  of  a  perch. 


■ 

gj.V . 

,  Courier.  Dili:  J  N. 

s. 

E. 

W. 

M  D. 

N.  Area, 

fc>.  Area. 

I 
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. 
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1  2 
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p 

* 
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> 
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302.6 
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3 
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64.8 
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1- 

I  5 
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ri7*7 
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q 

11 
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46.4 
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46.1 
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!  i 
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?! 
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92.0 
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1 13.4 
134.8 

5862.78 

f 

u.S  76.45  E 

■  f 

48.0 

II. 0 

46.7 

181.5 

228.2 

E2'S  15.00  W 

!  h' 

43-4J 

41.6 

1 1. 2 

11.7 

246.2 

217.0 
205. 8: 

9O92.3C 

p3  S  16.45  ^ 

40.5 

38.8 

194.1 
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30745*16 

2 

n  perches, 

6615  r.17' 
30745.16 

35406.01 

17703.005 

Area 

S  E  C  IV  VI. 


Containing  the  Nature  of  Off-fets  and  Interjections  ; 
the  Methods  of  enlarging ,  or  dhninijhing ,  and  con¬ 
necting  Maps ;  the  Variation  of  the  Comp  of s  and 
its  Ufes  in  Surveying ;  the  whole  concluding  with 
fame  ?ieceffary  Directions  concerning  Surveys  in 
general . 


Of  OFF-SETS. 

JN  taking  furveys  it  is  unnecefFary  and  unufual 
to  make  a  flat  ion  at  every  angular  point,  be¬ 
ta  life  the  field-work  can  be  taken  with  much  greater 
expedition,  by  ufmg  off-fets  and  interfedions,  and 
with  equal  certainty  ;  efpecially  where  creeks,  &c. 
bound  the  furvey. 

Off-fets  are  perpendicular  lines  drawn  or  mea- 
fured  from  the  angular  points  of  the  land,  that  lie 
on  the  right  or  left  hand  to  the  flationary  diilance, 
thus, 

Plate  XI.  fig.  2. 

Let  the  black  lines  reprefer. t  the  boundaries  or  a 
farm  or  townfhip :  and  let  i  be  the  hrff  ha- 

G  g  tion. 
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tion,  then  if  you  have  a  good  view  to  2,  omit 
the  angular  points  between  1  and  2,  and  take  the 
bearing  and  length  of  the  flationary  line  1,  2,  and 
infert  them  in  your  field-book :  but  in  chaining 
from  1  to  2,  flop  at  d  oppofite  to  the  angular  point 
<7,  and  in  your  field-book  infert  the  diflance  from 
1  to.  d)  which  admit  to  be  4C.  25L.  as  well  as  the 
meafure  of  the  off-fet  ad^  which  admit  to  be  iC. 
12L.  thus;  by  the  fide  of  your  field-book  in  a 
line  with  the  fir  ft  ftation,  fay  at  4C.  25L.  L.  iC. 
12L.  that  is,  at  4C-  25L.  there  is  an  off-fet  to  the 
left  hand  of  iC.'  12L. 

This  done,  proceed  on  your  diflance  line  to  e , 
oppofite  to  the  angle  £,  and  meafure  eb,  fuppofing 
then  1  e  to  be  7C.  40L.  and  eh  3C.  40L.  fay  (ftill 
in  a  line  with  .the  firft  ftation  in  your  field-book) 
“  at  7C.  40L.  L.  3C.  40L.”  that  is,  at  7 C.  40L. 
there  is  an  off-fet  to  the  left  of  3C.  40L.  proceed  then 
with  your  diflance  line  to  f  oppofite  to  the  angle 
r,  and  meafure  fc  ;  fuppofe  then  if  to  be  13C.  and 
fc  iC.  25L.  fay  in  the  fame  line  as  before,  at  13C. 
L.  iC.  25L.  Then  proceed  from  f  to  2,  and  you 
will  have  the  meafure  of  the  entire  flationary 
line  1,  2,  which  infert  in  its  proper  column  by  the 
bearing. 

In  taking  off-fets,  it  is  neceffary  to  have  a  perch 
chain,  or  a  Half  of  half  a  perch,  divided  into  links 
for  meafuring  them  ;  for  by  thefe  means  the  chain 
in  the  flationary  line  is  undiflurbed,  and  the  num¬ 
ber  of  chains  and  links  in  that  line  from  whence, 
or  to  which,  the  off-fets  are  taken,  may  be  readily 
known. 


Having  arrived  at  the  fecond  ftation,  if  you*  find 
your  view  will  carry  you  to  3,  take  the  bearing 
:  to  3,  and  in  meafuring  the  diflance  line, 

flop 


from 
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flop  at  /  oppoilte  g ;  admit  2/  to  be  4C.  10L. 

and  the- off-fet  Ig  iC.  20L.  then  in  a  line  with 
the  fecond  Ration  in  your  field-book,  fay  at  4c. 
10L.  R.  iCh  20L.  that  is,  the  off-fet  is  a  right-hand 
one  of  iC.  20L.  Again  at  77?,  which  fuppofe  to  be 
10C.  25L.  from  2;  take  the  off-fet  mb  of  iC. 
15L.  and  in  a  line  with  the  fecond  Ration,  fay  at 
10C.  25L.  R.  iC  15L,  In  the  fame  line  when  you 
come  to  the  boundary  at  /,  infert  the  diRance  21, 
13C.  10L.  thus,  at  13C.  10L.0;  that  is,  at  13C. 
10L.  there  is  no  off-fet.  At  n9  which  is  15C.  from 
2,  take  the  off-fet  nk  45L.  and  Rill  oppofite  to  the 
fecond  Ration  fay  at  15C.  L.  45L. 


Let  the  line  3,  6,  reprefent  the  boundary,  which 
by  means  of  water,  briers,  or  any  other  impedi¬ 
ment  cannot  be  meafured.  In  this  cafe  make  one 
or  more  Rations  within  or  without  the  land,  where 
the  diRances  may  be  meafured,  and  draw  a  line 
from  the  beginning  of  the  firR  to  the  end  of  the 
laR  diRance,  thus ;  make  Rations  at  3,  4,  and  5, 
taking  the  bearings,  and  meafuring  the  diRances 
as  ufual,  wThich  infert  in  your  field-book,  and  draw 
a  mark  like  one  fide  of  a  parenthefis,  from  the  third 
to  the  fifth  Ration,  to  fhew  that  a  line  drawn  from 
the  third  Ration  to  the  furtheR  end  of  the  fifth  Ra¬ 
tionary  line  will  exprefs  the  boundary.  Thus, 

No.  Sta.  Deg.  Ch.  L. 

1 3  5-45 

(4  200  13. 2  5 

\5  25°  3-3$ 


Suppofe  the  point  p  of  the  boundary  to  be  inac- 
ceffible,  by  means  of  the  lines  6p  or  7*7,  being 
overflowed,  or  that  of  a  quarry,  furze,  &c.  might 
prevent  you  taking  their  lengths :  in  this  cafe 
take  the  bearing  of  the  line  6,  7,  which  infert  op- 
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pofite  to  the  fixth  flation  in  your  field-book  with 
the  other  bearings ;  then  direct  the  index  to  the 
point  y>,  and  infert  its  bearing  on  the  left  fide  of  the 
field-book,  oppofite  to  the  fixth  flation,  annexing 
thereto  the  words,  Int.  for  boundary  ;  and  having 
meafured  and  inferted  the  diftance  6,  7,  fet  the  in¬ 
dex  in  the  direction  of  the  line  yp,  and  infert  its 
bearing  on  the  left  of  the  feventh  flation  of  the 
field-book,  annexing  thereto  the  words  Int .  for 
boundary ;  the  croffmg  or  interfeclion  of  thefe  two 
bearings  will  determine  the  point  y>,  and  of  courfe 
the  boundary  6py  is  alfo  determined. 

If  your  view  will  then  reach  to  the  firfl  flation, 
take  its  bearing,  flationary  line,  and  off-fets,  as  before, 
and  you  have  the  field-book  completed.  Thus, 


The  Field-Book. 


Remarks  and  Interfedt. 

No 

St, 

Deg-. 

1  C.  L. 

OFF-SETS. 

3 1 8  Int.  to  a  tower 

j  I 

CO 

00 

22.12 

At  4 C.  25L.  L .  iC. 
12 L.  at  yC.  40 L. 
L .  3^*  4 oT.  at 
136’.  L.  iC .  25L. 

231-  bit.  to  ditto 

O 

J* 

2  9  7-1 

21.12 

At  4  (7.  10L.  R .  1 C. 
'loL.at  10C.  25L. 

rC.  15L. 
13^*  10 h.  0.  ^7/ 

■  ( 
155- Int.  for  boun. 

3 

4 

5 

r72i 

200 

250 

5-45 

!3-25 

3-36 

1 3 f  *  43^* 

6 

I25 

^  i<7.  20L.  L.  2C. 

274  Int.  for  ditto 

/ 

io5t 

l5-lc 

20L.  :  <2/  76’.  45L. 
L.  2C.  $2 1* at  1 1  (7. 
25L.  0.  at  12C. 
25L.  R.  36L. 

Clole  at  the  tiril  flation. 


If  you  would  lay  down  a  tower,  houfe,  or  any 
other  remarkable  object  in  its  proper  place  ;  from 

any 


•any  two  ftations  take  bearings  to  the  objeCt,  and 
their  interfeCtion  will  determine  the  place  where 
you  are  to  infert  it,  in  the  manner  that  the  tower 
is  fet  out  in  the  figure,  from  the  interfe&ions  taken  at 
the  firft  and  fecond  ftations  of  the  above  field-book. 

A  protraction  of  this  will  render  all  plain,  on 
which  lay  oft  your  oft-fets  and  in-terfeCtions,  and 
proceed  to  find  the  content  by  any  of  the  methods 
in  lection  the  4th. 


The  foregoing  field-hook  may  be  other-wife  kepi ,  thus. 


Remarks  and  Interfedtion. 

No 

St. 

Deg. 

L.  ban. 
Off-fet. 
Ch.  L. 

Dift. 
Ch.  L. 

R.  han. 
Off-fet. 
Ch.  L. 

3 1 8  Int.  to  a  tower 

23 1|-  Int.  for  ditto 

( 

1  55t  Int.  for  bound. 

2 74 In.  for  boundary 

I 

358 

1. 1  2 

3*40 

1.25 

4.25 
7.40 
1 3.°° 

22.12 

2 

297i 

°-4  5 

4.  IO 
10.25 
I3.tO 

15.00 

21.12 

1 

1.20 

1’15 

3 

4 

5 

6 

1721 

200 

25° 
12  5 

5*45 

3-36 

l5^5 

7 

io5 

2.20 

2.32 

1 

1.20 

7*45 

11.25 

12.2c 
1 5. 1 0 

0.36 

Clcfe  at  the  firft  ftation. 
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How  to  cafit  up  offfieis  by  the  pen . 

Plate  XL  fig.  2. 

1,  2 — if=2f,  if—ie  —fij  ie — 1  d—ed. 

Then  id  x  \da  =  ida,  by  prob.  6.  page  183, 
and  y  ed  X  da  +  eb  =  <2^6  by  the  dodrine  of  tra¬ 
pezia"  ;  alio  y  fe  X  ^  +fc=*befc,  and  2/  X  ^fc=cfi ; 
the  fum  of  all  which  will  be  \abc21  ;  the  area  con¬ 
tained  between  the  flationary  line  1,  2,  and  the 
boundary,  1  abc  2. 

In  the  fame  manner  you  may  find  the  area  of 
'ilhg'i  of  ik 3/,  as  well  as  what  is  without  and  with- 
infide  of  the  flationary  line  7,  1. 

If  therefore  the  left  hand  ofF-fets  exceed  the 
right  hand  ones,  it  is  plain,  the  excefs  muft  be 
added  to  the  area  within  the  flationary  lines,  but 
if  the  right  hand  off-fets  exceed  the  left  hand 
ones,  the  difference  muft  be  deducted  from  the 
faid  area ;  if  the  ground  be  kept  on  the  right  hand 
as  we  have  all  along  fuppofed ;  or  in  words  thus  j 


To  find  the  contents  of  offfets. 

1.  From  the  diflance  line,  take  the  diftance  to 
the  preceding  off-fet,  and  from  that  the  diflance  of 
the  one  preceding  it,  &c.  in  four-pole  chains  ;  fo 
will  you  have  the  refpeclive  diflances  from  off-fet 
to  off-fet,  but  in  a  retrograde  order. 

2.  Multiply  the  laft  of  thefe  remainders  by  L 

the  fir  ft  off-fet,  the  next  by  -J-  the  fum  of  the 

firfl 


Of  OFF-SETS. 


o  r>  j 


firft  and  fecond,  the  next  by  half  the  fum  of  the  fe¬ 
cond  and  third,  the  next  by  half  the  fum  of  the 
third  and  fourth,  &c..  The  ium  of  thefe  will  be 
the  area  produced  by  the  off-fets. 

Thus,  in  the  foregoing  field-book,  the  firft  fta- 
tionary  line  is  22C.  12L.  or  11C.  12L.  of  four- 
pole  chains.  See  the  figure. 


Ch.  L.  Ch.  L. 

=  1,2  6.50=1/  3.90=  Id’ 

Take  6.50=1/  3.90  =i?  2.25=1  d 


Ch.  L. 

From  1 1. 1 2 


4.62=2/'  2.60  =  ef  1.65 


d 


Ch.  L. 

i d=  2.25  X32L.  half  the  firft  off-fet=  .7200 

ed  =  1.65X  iG.  26L.  ~  the  fum  of  the  ift&2d  2.0790 
ef  =  2.60X  iC.  32L.  y  the  fum  of  2d  &  3d  =  3.4320 
2/=4.62X37L.  half  the  laft  off-fet  =  1.7094 

Content  of  left  off-fets  on  the  firft  dift.  — - - 

in  fquare  four-pole  chains 


In  like  manner  the  reft  are  performed. 
The  fum  of  the  left  hand  off-fets  will  be 
And  the  fum  of  the  right  hand  ones 


7.9404 


14.08  56 


.68  25 


Excefs  of  left  hand  off-fets  in  fqu.  4  pole  C.  10.4031 

Acres  1.0403 1 


16124 

4 


Perches  6.4496 


Excefs  of  left  hand  off-fets  above  the  right  hand 
ones,  1  A.  oR.  6P.  to  be  added  to  the  area  within 
the  ftationary  lines. 

Of 
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to  find  the  Area  of  a  Piece  of  Ground  by  Infer - 
feBions  only ,  all  the  Angles  of  the  Field  can 

be  feen  from  any  two  Stations  on  the  On  fide  of 
the  Ground . 


Plate  XII.  fig.  i. 

LET  ABCDEFGA  be  a  field,  H  and  I  two 
places  on  the  outfiide  of  it,  from  whence  an 
object  at  every  angle  of  the  field  may  be  feen. 


Take  the  bearing  and  diftance  between  II  and 
I,  and  fet  that  at  the  head  of  your  field-book,  as 
in  the  annexed  one.  Fix  your  inftrument  at  If, 
from  whence  take  the  bearings  of  the  feveral  an¬ 
gular  points,  A,  B,  C,  D,  &c.  as  they  are  here  re- 
prefented  by  the  lines  II A,  HB,  HC,  IiD,  &c* 
Again  fix  your  inftrument  at  I,  and  take  bearings 
to  the  fame  angular  points,  reprefented  by  the  lines 
XA,  IB,  IC,  ID,  lAc.  and  let  the  firft  bearings 
be  entered  in  the  fecond  column,  and  the  fecorid 


bearings  in  the  third  column  of  your  field-book : 
then  it  is  plain  that  the  points  of  interfedion,  made 
from  the  bearings  in  the  fecond  and  third  columns 
of  every  line,  will  be  the  angular  points  of  the 
field  or  the  points  A,  B,  C,  D,  hfc.  which  points 
being  joined  by  right  lines,  will  give  the  plan 
ABCDEFGA  required. 


Bea. 
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idea.  i8o  Dll'.  28C.  of  the  Sta.  H  and  1. 


Ho. 

Bear. 

Bear. 

A 

261^ 

330 

B 

265i 

3'7i 

C 

248 

3°7t 

D 

238i 

289 

E 

262Y 

;  F 

208E 

28  61 

1.  G 

2  2.0 

3°° 

The  fame  may  be  done  from  any  two  Nations' 
within- fide  of  the  land,  from  whence  all  the  an¬ 
gles  of  the  field  can  be  feern 

This  method  will  be  found  ufeful  in  cafe  the 
ftationary  diftances  from  any  caufe  prove  inacceffi- 
ble,  or  fhould  it  be  required  to  be  done  by  one  par¬ 
ty,  when  the  other  in  whofe  poke  hi  on  it  is,  refufes 
to  admit  you  to  go  on  the  land. 


5 fo  find,  the  content  cf  a  field  by  calculation,  which 

Was  taken  by  iritcrfcciim. 

In  the  triangle  AIH,  the  angles  AHI,  AIH, 
and  the  bafe  HI  being  known,  the  perpendicular 
A*?,  and  the  fegments  of  the  bafe  K a,  fl  may  be 
obtained  by  trigonometry :  and  in  the  fame  man¬ 
ner  all  the  other  perpendiculars  B b,  Cr,  Di,  Er, 
Yf,  Gg,  and  the  feveral  fegments  at  b,  c ,  d ,  <?,  /,  and 
g  :  if  therefore  the  feveral  perpendiculars  be  fup- 
pofed  to  be  drawn  in  the  fcheme  (which  are  here 
omitted  to  prevent  confufion  arifmg  from  a 
multiplicity  of  lines)  it  is  plain  that  h  iiom 

H  h  KBCDEeb, 
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Z>BCDE^;,  there  be  taken  bBAGYeb,  the  remain¬ 
der  will  be  the  map  ABCDEFGA. 

As  before,  half  the  fum  of  Bb,  and  Ce9  multi¬ 
plied  by  be,  will  be  the  area  of  the  trapezium  bBCc; 
after  the  fame  manner,  half  the  fum  of  C^,  and 
D^,  multiplied  by  cd ,  will  give  the  area  of  the  tra¬ 
pezium  cCT)d  ;  and  again,  half  the  fum  of  D d,  and 
Ee  multiplied  by  de9  gives  the  area  of  the  trape¬ 
zium  dEEe ;  and  the  fum  of  thefe  three  trapezia 
will  be  the  area  of  the  figure  bBCDeb. 

Again,  in  the  fame  manner,  half  the  fum  of  B b, 
and  aA  multiplied  by  ab ,  will  give  the  area  of  the 
trapezium  bBAa ;  and  half  the  fum  of  a  A,  and 
gG,  by  ag,  gives  the  trapezium  aAGg  ;  to  thefe 
add  the  trapezia  gGF/i  and  fEEe,  which  are  found 
in  the  like  manner,  and  you  will  have  the  figure 
bBAGEEeb,  and  this  taken  from  bBCHeb,  will 
leave  the  map  ABCDEFGA.  Ch  E.  F. 

% 

It  will  be  fufficient  to  protract  this  kind  of  work, 
and  from  the  map  to  determine  the  area,  as  well 
as  in  plate  X.  fig.  3.  to  find  the  areas  of  the  pieces 
3,  4,  5,  6,  3,  and  6,  7,  7,  6,  from  geometrical 
conltru6tions. 


How  to  determine  the  fiation  where  a  fault  has  been 
committed  in  a  field-book,  without  the  trouble  of  go¬ 
ing  round  the  whole  ground  a  fiecond  time . 

From  every  fourth  or  fifth  fiation,  if  they  be  not 
Very  long  ones,  or  oftner  if  they  are,  let  an  inter¬ 
section  be  taken  to  any  object,  as  to  any  particular 

part 
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part  of  a  caftle,  houfe,  or  cock  of  hay,  &c.  or 
if  all  thefe  be  wanting,  to  a  long  ftaff  with  a  white 
fheet  or  napkin  fet  thereon  to  render  the  objedfc 
more  confpicuous,  and  let  this  be  placed  on  the 
fummit  of  the  lipid,  and  let  the  refpe&ive  inter- 
feCfions  fo  taken  be  inferted  on  the  left  hand  fide 
x>f  the  field-book,  oppofite  to  the  ftations  from 
whence  they  were  refpeCtively  taken. 

In  your  protraction  as  you  proceed,  let  every  in- 
terfe&ion  be  laid  off  from  the  refpeCtive  ftations 
from  whence  they  were  taken,  and  let  thefe  lines 
be  continued  ;  if  they  all  converge  or  meet  in  one 
point,  we  thence  conclude  all  is  right,  or  fo  far  as 
they  do  converge  ;  but  if  we  find  a  line  of  inter- 
fection  to  diverge  or  fly  off  from  the  reft,  we  may 
be  fure  that  either  a  miftake  has  happened  between 
the  ftation  the  foregoing  interfeCtion  was  taken 
at,  and  the  ftation  from  whence  the  interfe&ion 
line  diverges,  or  there  muff  be  an  error  in  the 
interfecfion ;  but  to  be  allured  in  which  of  thefe 
the  fault  is,  protraCt  on  to  the  next  interfeCiion, 
and  having  fet  it  off,  if  it  converges  with  the  reft, 
tho*  the  foregoing  one  did  not,  we  may  conclude 
the  fault  was  committed  in  taking  the  laft  inter- 
fection  but  one,  and  none  in  any  ftation,  and  that 
fo  far  is  true  as  is  protracted  ;  but  if  this  as  well  as 
the  foregoing  interfeCtion  diverge,  or  fly  from  the 
point  of  concourfe  or  converging  point  of  the  reft, 
the  error  muft  have  its  rife  from  fome  ftation  or 
ftations,  at  or  after  that,  from  whence  the  laft  con¬ 
verging  interfe&ion  line  was  taken ;  fo  that  by  go¬ 
ing  to  that  ftation  on  the  ground  and  proceeding  on 
to  that  where  the  next,  or  from  whence  the  follow¬ 
ing  diverging  interfection  was  taken,  we  can  readi¬ 
ly  and  with  little  trouble  fet  all  to  rights. 
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But  in  moll  trails  of  land,  one  objeCt  cannot 
be  feen  from  every  llation,  or  from  perhaps  one 
fourth  of  them  ;  in  this  cafe  we  are  under  the  ne- 
ceffity  to  move  the  pole  after  we  begin  to  lofe 
fight  of  it,  to  fome  other  part  of  the  land,  where 
it  may  be  feen  from  as  many  more  dations  as  pof- 
fible  ;  which  is  ealily  done  by  viewing  the  bounda¬ 
ry  before  it  be  furveyed :  the  pole  then  being  fixed 
in  an  advantageous  place,  the  fird  interfection  to  it 
is  bed  to  be  made  from  the  fame  ftation  from 
whence  the  lafl  one  was  taken,  and  then  as  often 
as  may  be  thought  convenient,  as  before  :  in  like 
manner  the  whole  may  be  done  by  the  removal  of 
the  pole. 

When  we  here  fpeak  of  flations,  we  do  not  mean 
fuch  as  are  ulually  taken  at  every  particular  angle 
of  the  field :  for  it  is  to  be  apprehended,  that  every 
fkijful  furveyor,  particularly  fuch  who  ufe  calcu¬ 
lation,  will  take  the  longed  didances  poffible,  not 
only  to  leffen  the  number  of  dations,  for  the  eafe 
of  either  protraction  or  calculation,  but  with  greater 
certainty  to  account  for  the  land  palled  by,  on 
the  right  hand  or  on  the  left,  which  is  taken  by 
offdets  :  and  furely  it  will  be  allowed  that  any  mea- 
fure  taken  on  the  ground  and  the  content  thence 
arithmetically  computed,  will  be  much  more  accu¬ 
rate  than  that  which  is  obtained  from  any  geome¬ 
trical  projection. 

From  what  has  been  (aid  it  is  plain,  that  from 
this  method  any  fault  committed  in  a  furvey  call 
be  readily  determined,  and  therefore  mud  be  much 
preferable  to  the  prefent  method  of  taking  diago¬ 
nals,  or  the  bearings  and  lengths  of  lines  acrofs 
land,  to  accomplifh  that  end;  which  lad  method 
is  too  'frequently  ufed  by  furveyors  to  approximate 

or 
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cr  arrive  near  the  content,  which  will  ever  remain 
uncertain,  let  thefe  diagonals  be  ever  fo  many., 
till  the  Ration  or  Rations  wherein  the  error  or 
errors  were  committed,  be  found ;  and  the  fault 
oj  faydts  be  corroded. 

Where  one  diagonal  is  taken,  it  may  perhaps  clofe 
or  meet  with  one  part  of  the  furvey  and  not  with 
the  other ;  in  this  cafe,  if  the  furvey  or  would  dis¬ 
cover  his  error,  he  muft  furvey  that  part  of  the 
land  which  did  not  clofe,  and  this  may  be  half  or 
more,  of  the  whole.  And  Ihould  the  diagonal  clofe 
with  neither  part,  but  be  too  long,  or  too  fliort,  or 
fliould  it  fall  on  either  fide  of  the  affigned  point  it 
was  to  clofe  with,  he  ought  to  go  over  the  whole, 
and  make  a  new  furvev  of  it  in  order  to  difcover 

.  .>  j  .  j  . 

his  error. 

A  number  of  diagonals  are  frequently  taken,  the 
fum  of  the  lengths  of  which  very  often  exceeds  the 
circuit  of  the  ground,  and  after  all  they  are  but  ap¬ 
proximations,  and  the  content  remains  uncertain  as 
before  ;  therefore  he  who  returns  a  map,  made  up  by 
the  aftiftance  of  diagonals,  where  there  remains  a  mif- 
clofure  in  any  one  part,  runs  the  rifque  of  being  de- 
teded  in  an  error,  and  muft  fuffer  uneafinefs  in  his 
mind,  as  he  cannot  be  certain  of  the  return  he  makes. 

The  frequent  mifclofures  which  are  botched  up  by 
diagonals,  occafion  the  many  and  frequent  fcandalous 
broils  and  animofities  between  furveyors,  which  tend 
to  the  lofs  of  charader  of  the  one  or  the  other,  and 
indeed  often  to  the  difrep'ute  of  both,  as  well  as  to 
that  of  the  fcience  they  profefs. 

But  thefe  may  be  eafily  remedied  by  interfedions, 
and  the  bearing  or  line  be  adjufted  where  the  fault 
was  committed,  and  till  this  be  found,  nothing  can 
be  certain. 


To 
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How  to  enlarge  or  diminifh  a  Map ,  or  how  to  reduce 
d  Map  from  one  Scale  to  another  :  alfo  the  Manner 
of  uniting  feparate  Maps  of  Lands  which  join  each 
other ,  into  one  Map  of  any  ajfigned  Size . 

I  AY  the  map  you  would  enlarge,  over  the  pa- 
per  on  which  you  would  enlarge  it,  and  with 
a  fine  protrading  pin,  prick  thro5  every  angular  point 
of  your  map,  join  thefe  points  on  your  paper  (lay¬ 
ing  the  map  you  copy  before  you)  by  pencilled  or 
popped  lines,  and  you  have  the  copy  of  the  map 
you  are  to  enlarge  :  in  this  manner  any  protradion 
may  be  copied  on  paper,  vellum,  or  parchment  for 
a  fair  map. 

If  you  would  enlarge  a  map  to  a  fcale  which  is 
double,  or  treble,  or  quadruple  to  that  of  the  map  to 
be  enlarged,  the  paper  you  muff  provide  for  its  en¬ 
largement  mull  be  two,  or  three,  or  four  times  as 
long  and  broad  as  the  map ;  for  which  purpofe  in 
Jarge  things  you  will  find  it  neceffary  to  join  feverai 
fheets  of  paper,  and  to  cement  them  with  white 
wafer  or  pafte,  but  the  former  is  bed. 

Then  pitch  upon  any  point  in  your  copied  map, 
for  a  center  ;  from  whence  if  didances  be  taken  to 
its  extreme  points,  and  thence  if  thofe  diflances  be 
fet  in  a  right  line  with  (but  from)  the  center,  and 

thefe 
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thefe  lafl  points  fall  within  your  paper,  the  map 
may  be  increafed  on  it  to  a  fcale  as  large  again  as 
its  own ;  and  if  the  like  diftances  be  again  fet 
outwards  in  right  lines  from  the  center,  and  if 
thefe  lad  points  fall  within  your  paper,  it  will  con¬ 
tain  a  map  increafed  to  a  fcale  three  times  as  large 
as  its  own,  &c* 

Plate  XII.  fig.  2. 

Let  the  pricked  or  popped  lines  reprefent  the 
copy  of  a  down  or  old  furvey,  laid  down  by  a 
fcale  of  80  perches  to  an  inch,  and  let  it  be  re¬ 
quired  to  enlarge  it  to  one  laid  down  by  40  to  an 
inch. 

Pitch  upon  your  center  as  ©,  from  whence  thro’ 
a  lay  the  fiducial  edge  of  a  thin  ruler,  with  a 
fine  pointed  pair  of  compares,  take  the  diftance 
from  a  to  the  center  G,  and  lay  it  by  the  ruler’s 
edge  from  a  to  A :  in  the  like  manner  take  the 
di fiance  from  the  next  flation  b  to  the  center  0, 
and  lay  it  over  in  a  right  line  from  b  to  B,  and 
join  the  points  A  and  B  by  the  right  line  AB :  in 
the  like  manner  fet  over  the  diftance  from  every 
flation  to  the  center,  from  that  flation  outwards, 
and  you  will  have  every  point  to  enlarge  to  ;  the 
joining  of  thefe  conflantly  as  you  go  on  by  right 
lines,  will  give  you  the  enlarged  map  required. 

In  taking  the  diflances  from  every  flation  to 
the  center,  fet  one  foot  of  the  compares  in  the 
flation,  and  the  other  very  lightly  over  the  cen¬ 
ter-point,  fo  lightly  as  fcarcely  to  touch  it,  other- 
wife  the  center-point  will  become  fo  wide,  that  it 
may  occafion  feveral  errors  in  the  enlarged  map  : 
for  if  you  err  from  the  exact  center  but  a  little, 

that  error  will  become  double,  or  treble,  or  qua¬ 
druple, 
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druple,  as  you  enlarge  to  a  fcale  that  is  double,  or 
treble,  or  quadruple,  of  the  given  one ;  therefore 
great  accuracy  is  required  in  enlarging  a  map. 

4v  *  . 

When  you  have  done  with  a  flation,  give  a  dafn 
with  a  pen  or  pencil  to  it,  fuch  as  at  the  ftation  a 
and  b  ;  by  this  means  you  cannot  be  difappointed  in 
milling  a  ftation,  or  in  laying  your  ruler  over  one 
flation  twice. 

From  what  has  been  faid  it  is  plain,  that  if  a  map' 
is  to  be  enlarged  to  one  whofe  fcale  is  double  the 
given  one,  that  the  difhnces  from  the  refpe&ive 
flattens  to  the  center,  being  fet  over  by  the  ruler’s 
edge,  will  give  the  points  for  the  enlarged  one. 
And  thus  may  a  map  be  enlarged  from  a  fcale  of 
160  to  one  of  80,  from  one  of  80  to  one  of  40, 
from  one  of  20  to  one  of  10  perches  to  an  inch,  &c. 
For  to  enlarge  to  a  fcale  that  is  double,  the  number 
of  perches  to  an  inch  for  the  enlarged  map,  mutt 
be  half  of  thofe  to  an  inch  for  that  to  be  enlarged  : 
to  enlarge  to  a  fcale  that  is  treble  the  given  one, 
the  number  of  perches  to  an  inch  for  the  enlarged 
map,  will  be  one  third  of  thofe  for  the  other ;  if  to 
a  fcale  that  is  quadruple  the  given  one,  the  num¬ 
ber  of  perches  to  an  inch  for  the  enlarged  map, 
will  be  one  fourth  of  thofe  for  the  other,  &c.  there¬ 
fore  if  you  would  enlarge  a  map  which  is  laid  down 
by  a  fcale  of  120  perches  to  an  inch,  to  one  of  40 
perches  to  an  inch,  the  diftance  from  the  feverai 
flations  to  the  center,  being  fet  twice  beyond  the 
faid  flations,  will  mark  out  the  feverai  points  re¬ 
quired,  for  thefe  points  will  he  three  times  fur¬ 
ther  from  the  center  than  the  flationary  points  of 
the  map  are. 

In  the  fame  manner,  if  you  would  enlarge  a 
map  from  a  fcale ‘of  160,  to  one  of  40  perches 
to  an  inch,  the  diftance  from  the  feverai  Ilations 
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to  the  center,  being  fet  three  times  beyond  faid 
ftations,  will  lay  out  the  points  for  your  enlarged 
map,  for  thefe  points  will  be  four  times  further 
from  the  center  than  are  the  ftations  of  the  map. 

When  a  map  is  enlarged  to  another,  whofe  fcale 
is  double,  or  treble,  or  quadruple,  &c.  of  the  given 
one,  every  line,  as  well  as  the  length  and  breadth 
of  the  enlarged  map,  will  be  doubly,  or  treble,  or 
quadruple,  &c.  thofe  of  the  given  6ne,  for  it  mult 
be  eafy  to  conceive  that  thofe  maps  are  dike  :  but 
the  area,  if  the  fcale  be  double,  will  be  four 
times ;  if  treble,  nine  times  ;  if  quadruple,  fix- 
teen  times  that  of  the  given  figure  ;  that  is,  it 
will  contain  four,  nine,  or  fixteen  times  as  many 
fquare  inches  as  the  given  one  (for  it  has  been 
fhewn  that  like  polygons  are  in  a  duplicate  pro¬ 
portion  with  the  homologous  fides.)  Yet  thefe 
figures  being  call:  up  by  their  refpeclive  fcaies, 
will  produce  the  fame  content. 

Thus  much  is  fufficient  for  enlarging  maps,  and 
from  hence,  diminifiiing  of  them  will  be  obvious ; 
for  one  fourth,  one  third,  or  halt  the  di fiances 
from  the  feveral  ftations  to  the  center,  will  mark 
out  points,  which,  if  joined,  will  compofe  a  map 
fimilar  to  the  given  one,  whofe  fcale  will  be  four 
times,  three  times,  or  twice  as  fmall  as  the  given 
one. 

Thus,  if  we  would  reduce  a  map  from  40  to  80, 
from  20  to  40,  from  10  to  20  perches  to  an  inch, 
kc.  half  the  diftance  of  the  ftations  from  the 
center  will  give  the  points  requifite  for  drawing  the 
map;  if  we  would  reduce  from  40  to  120,  from. 
20  to  60,  from  10  to  30  perches  to  an  inch,  &c. 
one  third  of  the  diftances  to  the  c niter,  will  give 
the  points  for  the  map  :  and  if  we  would  reduce 

I  i  from 
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from  40  to  160,  from  20  to  Ho,  from  10  to  40 
perches  to  an  inch,  &c.  one  fourth  of  the  dis¬ 
tances  to  the  center,  will  give  the  points  for  the 
inap. 

By  the  methods  here  laid  down  I  have  reduced  a 
map  from  a  fcale  of  40  to  one  of  20  perches  to 
an  inch,  which  contained  upwards  of  1200  acres, 
and  confided  of  224  feparate  divifions,  without 
the  lead  confudon  from  the  lines ;  for  none  can 
arife  if  the  methods  here  laid  down  be  drictly  ob- 
ferved. 

I  have  alfo  from  the  fame  methods  reduced  a 
large  book  of  maps,  each  of  which  was  an  en¬ 
tire  fkin  of  parchment,  and  the  whole  contained 
upwards  of  46000  acres,  to  a  pocket  volume ; 
and  afterwards  connected  all  thefe  maps  into  one 
map,  which  was  contained  in  one  dun  of  parch¬ 
ment  :  therefore  upon  the  whole  I  do  recommend 
thefe  methods  for  reducing  maps  to  be  much  more 
accurate  than  any  of  the  methods  commonly  ufed, 
fuch  as  fquaring  of  paper,  ufing  a  parallelogram, 
proportional  compafles,  or  ally  other  method  I  ever 
met  with,  though  the  figures  to  be  reduced  were 
ever  fo  numerous,  irregular,  or  complicated. 

Hour  to  unite  feparate  maps  of  lands  which 

join  each  other ,  into  one  map  of  any  ajfigned 
fize . 

If  there  be  feveral  large  maps  contained  in  a 
book,  each  of  which  luppofe  to  take  up  a  fkin 
of  parchment,  or  a  fheet  cf  the  larged  paper ; 
which  maps  of  lands  join  each  other  ;  and  it  be 
required  to  reduce  them  to  fo  (mail  a  fcale,  that 
all  of  them  when  joined  together  may  be  contained 
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in  one  fkin,  half*  a  fkin,  or  any  affigned  fized 
piece  of  parchment,  or  paper. 

Having  pricked  off  and  copied  the  feveral  maps 
on  any  kind  of  paper,  unite  them  by  cutting  with 
fcilfars  along  the  edge  of  one  boundary  which  is 
adjoining  the  other,  but  not  cutting  by  the  edge 
of  both,  and  throw  afide  the  parts  cut  off ;  then 
lay  thefe  together  on  a  large  table,  or  on  the 
floor,  and  where  the  boundaries  agree,  they  will  fit 
in  with  each  other  as  indentures  do ;  and  after  this 
manner  they  are  eafily  connected  :  meafure  then 
the  length  and  breadth  of  the  entire  connected 
maps,  and  the  length  and  breadth  of  the  parch¬ 
ment  or  paper  you  are  confined  to ;  if  the  former 
be  three,  four,  or  five  times  greater  (that  is,  longer 
and  broader)  than  the  latter,  reduce  each  copied 
map  feveral ly  to  a  fcale  that  is  three,  or  four,  or 
five  times  lefs,  as  before ;  and  the  fame  parts  of 
the  boundaries  you  cut  by  in  the  large  maps,  by 
the  fame  you  muff  alfo  cut  in  fmall  ones,  and 
unite  the  fmall  as  the  large  ones  were  united  ;  ce¬ 
menting  them  together  with  white  wafer :  thus  will 
your  map  be  reduced  to  the  affigned  fize,  which 
copy  over  fair,  on  the  parchment,  or  paper  you 
were  confined  to. 


But  it  is  not  always  that  a  perfon  is  confined  to 
a  given  area  of  parchment,  or  paper ;  in  fucfi 
cafes,  if  there  are  many  large  maps  to  be  united 
into  one,  reduce  each  of  them  feverally  to  a  fcale 
of  160  perches  to  an  inch,  and  unite  thofe  by  the 
contiguity  or  boundaries,  as  before :  or  if  you  have 
a  few,  it  will  be  fufficient  to  reduce  them  to  a  Icaie 
of  120,  iffc.  But  having  the  maps  given,  and 
the  fcale  by  which  they  are  laid  down,  your  tea- 
fon  will  be  fufficient  to  direct  you  to  know,  what 
fcale  they  ffiould  be  reduced  to. 
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Variation  of  the  Compass; 

And  how  to  find  it  by  Amplitudes  or  Azimuths  of 

the  Sun, 

i.  ¥T  was  before  obferved,  that  the  needle  does 
|  not  point  truly  to  the  north  or  fouth  points 
of  the  horizon  :  the  number  of  degrees  therefore, 
that  the  points  of  the  needle  are  from  the  north 
or  fouth  points  of  the  horizon,  is  called  the  varia¬ 
tion  of  the  needle ,  or  compafs. 

This  variation  differs  widely  in  many  places ;  for 
in  fome,  the  needle  will  point  feveral  degrees  on 
the  weft  fide  of  the  north ;  at  others  there  will  be 
little  or  no  variation,  and  again,  at  others  it  will 
point  feveral  degrees  on  the  eaft  fide ;  in  the  fame 
place  it  differs  fenfibly  in  a  few  years :  the  true 
caufe  or  theory  of  which,  has  not  hitherto  been  dis¬ 
covered  or  explained  for  want  of  a  Sufficient  num¬ 
ber  of  obfervations. 

2.  The  globe  of  the  earth  revolves  round  its  axis 
in  twenty  four  hours  from  weft  to  eaft,  and  hence 
all  celeftial  bodies  feem  to  move  from  eaft  to  weft. 

3.  The  extremities  of  the  axis  are  called  the 
poles;  the  one  the  north  or  ar flic,  and  the  other 
the  fouth  or  ant ar flic .  And  if  the  axis  be  pro¬ 
duced  to  the  heavens,  it  will  point  out  the  celeftial 
poles . 
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4.  If  a  circle  be  <  fuppofed  to  pafs  round  the 
globe  of  the  earth,  fo  as  to  be  equididant  from 
each  pole,  it  is  called  the  equator ,  or  equinoctial 
line,  and  by  fome  the  line  only. 

And  if  the  plane  of  the  equator  be  produced  to 
the  heavens,  it  will  lay  out  the  cclejlial  equator . 

5.  The  latitude  of  any  place ,  is  its  neared  dis¬ 
tance  to,  and  counted  from  the  equator  in  degrees 
and  minutes ;  and  is  north  or  fouth  as  it  lies  on  the 
north  or  fouth  fide  of  the  equator. 

6.  The  poles  are  90  degrees  from  the  equator; 
therefore  complement  of  the  latitude  of  any  place 9 
is  the  lathi  dc  taken  from  90  degrees,  or  the  dif* 
tance  of  the  place  from  its  neared  pole. 

7.  The  declination  of  the  fun,  is  the  neared  did 
tance  thereof  from  the  celedial  equator  counted  in 
degrees  and  minutes  ;  and  is  north  or  fouth,  as  it 
lies  on  the  north  or  fouth  fide  of  the  equator. 

8.  The  fun’s  declination  taken  from  90,  leaves 
the  complement  thereof  $  or  its  didance  from  the 
neared  celedial  pole, 

9.  The  fun’s  altitude ,  is  the  number  of  degrees 
and  minutes  the  fun  is  above  the  horizon,  and  is 
eafily  found  by  a  quadrant,  as  before. 

10.  What  the  fun’s  altitude  wants  of  90,  or 
the  fun’s  didance  from  the  zenith  cr  point  ot  the 
heavens  perpendicularly  over  you,  is  the  complement 
of  the  altitude. 
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11.  The  magneiical  amplitude ,  is  the  complement 
of  the  fun’s  bearing  at  rifmg  or  fetting,  taken  by 
the  quarter’d  compafs ;  on  it  is  the  number  of  de¬ 
grees  the  fun  is  from  the  eaft  or  weft  point  of  the 
compafs,  at  rifmg  or  felting, 

1 2.  The  true  amplitude ,  is  the  complement  of  de¬ 
grees  the  fun  would  rife  or  fet  on  if  the  compafs 
did  not  vary  ;  or  it  is  the  number  of  degrees  the 
fun  is  from  the  eaft  or  weft  point  of  the  horizon, 
at  rifmg  or  fetting ;  and  this  true  amplitude  is  al¬ 
ways  north,  if  the  fun’s  declination  be  north  j  or 
fouth  if  the  fun’s  declination  be  fouth. 

To  find  the  variation  by  the  amplitudes . 

Having  the  latitude  of  the  place,  and  the  fun’s 
cteclination  given,  the  true  amplitude  is  found  by 
this  aftronomical  proportion,  viz. 

As  the  co-fme  or  fine  complement  of  the  latitude, 

Is  to  the  fine  of  the  fun’s  declination. 

So  is  radius 

To  the  fine  of  the  true  amplitude. 

Then  if  both  amplitudes  be  north,  or  both 
fouth,  their  difference  is  the  variation,  but  if  one 
be  north  and  the  other  fouth,  their  fum  is  the 
variation. 

To  know  whether  the  variation  be  eafierly  or  weflerly , 

Let  the  obferver  turn  his  face  to  the  fun,  then 
if  the  true  amplitude  be  to  the  right  hand  of  the 

magne- 


The  Variation  of  the  Compafs.  £47 

magnetical  one,  the  variation  is  eafterly,  but  if  to 
to  the  left,  wefterly. 

Example  L 

On  the  28th  day  of  May,  1789,  the  fun’s  bear¬ 
ing  at  rifmg,  being  N.  710  E.  in  the  latitude  530. 
20  N.  required  the  true  amplitude,  and  the  vari¬ 
ation  of  the  needle. 

Find  the  fun’s  declination,  by  the  annexed  table, 
and  then  to  find  the  true  amplitude,  fay,  s 

As  the  co-fine  of  the  latitude  36°.  40'  9.77609 

Is  to  the  fine  of  the  declination  210.  34' N.  9.56536 
So  is  radius  9°°*  10.00000 

To  the  fine  of  the  true  amplitude  38°  9.78927 


90° — 7 1°  =  19°  the  mag.  amp.  from  the  eaft. 

True  amplitude  E.  38°.oo/N.  for  the  decl.  is  N. 
Magnetical  ampl.  E.  1  90. 00  N. 

Variation  i9°.oo  W.  becaufe  the  true 

amplitude  is  to  the  left  of  the  magnetical. 


E  x  A  M- 
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E  ±  A  M  P  h  E  II. 

Suppofe  the  fun’s  true  amplitude  is  found  to  be 
W.  42  .00  S.  and  the  magnetical  amplitude  W.  23* 
00  S.  the  fun’s  bearing  at  fetting  being  SW.  6y° <, 
Required  the  variation. 

900— 67°==  230  the  magnetical  amplitude  from 
the  wed:. 

True  amplitude  W.  420  oo7  S. 

Magnetical  amplitude  W.  23  .00  S.- 

Variation  19  .00  XV. 


In  this  cafe  alfo  the  true  amplitude  is  to  the  left 
of  the  magnetical ;  and  therefore  the  variation  is 
wefterly. 

Example  III. 

Sun’s  bearing  at  rifmg  being  SE.  77°4>  the 
true  amplitude  being  found  to  be  E.  io°.  1 2  N.  re¬ 
quired  the  variation. 

90° — 77 °y  =  1 2°—-  the  magnetical  amplitude  from 
the  eaft. 

True  amplitude  E.  io°.  12'  N. 

Magnetical  amplitude  S.  12  .30  S. 

Variation  22  .42  W. 


The  true  amplitude  being  (till  to  the  left,  the  va 
riation  is  wefterly. 


Exam- 


r 
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Example  IV. 

Sun's  bearing  at  fetting  is  SW.  Si0--,  and  the 
true  amplitude  is  found  to  be  W.  6°.  16'  N.  Re¬ 
quired  the  variation. 

^o0* — 8i°»-™8°“  the  magnetical  amplitude  from 
the  weft. 

True  amplitude  W.  6°.  1 6'  N. 

Magnetical  amplitude  W.  8  .30  S. 

Variation  14  .46  E. 


The  true  amplitude  being  to  the  right  of  the 
magnetical,  the  variation  is  eafterly. 

•V, 

¥ 

2.  To  find  the  variation  by  azimuths » 

13.  The  fun’s  magnetical  azimuth  is  the  bear¬ 
ing  thereof  at  any  time  of  the  day,  taken  by  the 
quartered  compafs ;  that  is,  counted  from  the  north 
or  fouth  towards  the  eaft  or  weft  points  of  the 
box. 

14.  The  fun’s  true  azimuth  is  the  point  of  the 
compafs  it  would  bear  from  you  upon,  if  there 
were  no  variation  \  or  it  is  the  diftance  intercepted 
between  the  north  or  fouth  points  of  the  horizon, 
and  a  vertical  circle,  or  circle  drawn  from  the  ze¬ 
nith  through  the  fun  to  the  horizon. 

Having  the  latitude  of  the  place,  the  fun’s  de¬ 
clination,  and  its  altitude  given,  the  true  azimuth 
is  obtained  by  the  following  agronomical  propor¬ 
tions. 

K  k 


1.  As 
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1.  As  the  tangent  of  half  the  complement  of  the 
latitude, 

Is  to  the  tangent  of  half  the  fum  of  the  difiance 

of  the  fun  from  the  pole,  and  complement  of  the 

altitude, 

♦  * 

So  is  the  tangent  of  half  the  difference  between 
the  diftance  of  the  fun  from  the  pole,  and  com¬ 
plement  of  the  altitude, 

To  the  tangent  of  a  fourth  arc. 

Add  this  fourth  arc  and  half  the  complement 
of  the  latitude  together,  their  fum  will  give  a  fifth 
arc ;  from  which  if  the  complement  of  the  latitude 
be  taken,  the  remainder  will  give  a  fixth  arc. 
Then  fay, 

As  radius 

Is  to  the  tangent  of  the  altitude, 

So  is  the  tangent  of  the  fixth  arc 

To  the  co-fine  of  the*  fun’s  true  azimuth. 

Which  is  counted  from  the  north  or  fouth,  to 
the  eafl  or  weft,  according  to  the  fun’s  fituation 
at  the  time  and  place  of  obfervation. 

1 

If  the  latitude  of  the  place,  and  the  fun’s  de¬ 
clination  be  both  north  or  both  fouth,  the  decli¬ 
nation  taken  from  90°,  gives  the  fun’s  diftance 
from  the  pole  ;  but  if  one  be  north  and  the  other 
fouth,  the  declination  added  to  90°,  will  give  the 
fun’s  diftance  from  that  pole  which  is  neareft  the 
obferver. 

If  both  azimuths  are  eaft  or  weft,  their  difference 
is  the  variation ;  but  if  one  be  eaft,  and  the  other 
weft,  their  fum  is  the  variation. 


To 
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To  know  whether  the  variation  he  eafterly  or  wejlerly . 

Juft  as  with  the  amplitudes,  let  the  obferver’s 
face  be  turned  to  the  fun ;  then  if  the  true  azimuth 
be  to  the  right  hand  of  the  magnetical  one,  the  va¬ 
riation  is  eafterly ;  but  if  to  the  left,  wefterly. 


Example  I. 

In  the  latitude  530.  20'  N.  the  fun’s  declination 
being  190.  03'  N.  I  find  by  obfervation  the  fun’s 
altitude  to  be  370.  30',  and  its  magnetical  azi¬ 
muth  to  be  SE.  510.  Required  the  variation. 

<^o°— - —  33* 2d  =  the  compt.  of  the  latitude 

18.20, -the  compt.  of  the  latitude 
go° _ 370.30  =  520.30',  the  compt.  of  the 

altitude. 

g0o _ 190.03'=  7o°.57',  the  fun’s  dift.  from  the  pole 

52.30  compt.  of  the  altitude 


123.27  fum 


61.43  half  fum 


18.27  difference 
9.13  half  difference* 


✓ 


As 


252  The  Variation;  of  the  Cowpafs* 


As  the  tang,  of  4-  the  ? 

'  '  ‘  ‘  o  5 


compt.  of  the  latitude. 

Is  to  the  tangent  of  ~  the 
fum  of  the  diflance  of  the^ 
fun  from  the  pole  and  com-  ( 
plement  of  the  altitude,  ) 

:  :  tang,  of  -j  their  difference  9.13 


1 8°.  2  o'—  9.52031 


61.43— 10.26916 


9.21022 


*9-4 7938 


■••nr.  ■  1  m  1  ■■  1  1  « 

To  tangent  of  a  fourth  arc,  42.  18 —  9*959°7 


Half  the  compt.  of  the  latitude  i8u.2q' 
The  4th  arc  62.  xg 


Their  fum  is  the  5th  arc  60.  38 

Complement  of  the  lat.  fubtraft.  36.  40 


Gives  the  6th  arc 


As  radius 

Is  to  the  tang,  of  the  alt. 

:  :  tangent  of  the  6th  arc 


23.  58 


O  / 

90  .OO- 

37-3°- 

23-58' 


•10.00000 
•  9.88498 
0.64790 


Co-fine  of  the  fun*s  true  azim.  70.04 —  9*53288 


True  azimuth 
Magnetical  azimuth 

Variation 


S.  7 o°.o4/  E. 
S.  51.  00  E. 

19.04  W. 


The  true  azimuth  being  to  the  left  of  the  macr- 
netical  one?  the  variation  is  wefterly. 


E  X  A  M- 


( 
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-Example  II. 

\  * 

Suppofe  the  fun’s  true  azimuth  N.  83°. 2c/  E. 
but  the  magneticai  one  N.  70°. 3c/  E.  Required 
the  variation. 

True  azimuth  N.  E. 

Magneticai  azimuth  N.  70,  30  E. 

Variation  •  12.  50  E. 


The  true  azimuth  being  to  the  right  of  the 
magneticai  one,  the  variation  is  eafterly. 


E  X  A  M  P  L 

E  III. 

Suppofe  the  fun’s  true  azimuth 

was 

S. 

37 •- 

if  W.  and  the  magneticai 

one  S. 

44° 

,.20/ 

W. 

Required  the  variation. 

* 

True  azimuth 

S.  37° 

t 

-l5 

w. 

Magneticai  azimuth 

S.  44. 

20 

w. 

Variation 

6. 

°5 

w. 

The  true  azimuth  being  to  the  left  of  the  mag¬ 
neticai  one,  the  variation  is  wefterly.' 

Example  IV. 

Suppofe  the  fun’s  true  azimuth  be  S.  4°o5/  W. 
and  the  magneticai  one  S.  3°*3o  E.  Required  the 
variation. 


True 
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True  azimuth 
Magnetical  azimuth 


S.  40.o5'  W. 
S.  3.  30  E. 


Variation 


7-  35  E- 


The  true  azimuth  being  to  the  right  of  the 
magnetical,  the  variation  is  eafterly. 

The  variation  of  the  compafs  was  firffc  obferved 
at  London,  in  the  year  1580,  to  be  one  point  of 
the  compafs  eafterly,  or  ii°.i5'  E.  after  which 
time  it  became  lefs ;  for  in  the  year  1622  it  was 
6°. oo'  E.  in  1634  it  .was  4°.o5/  E.  and  fo  continued 
to  decreafe  till  the  needle  coincided  with  the  true 
meridian,  and  then  there  was  no  variation ;  after 
which  the  variation  became  wefterlv,  and  has  ever 
ftnce  increafed  to  the  weft  ward  :  for  in  the  year 
1672  it  was  2°.33  W  in  the  year  1683  it  was 
40. 30  W.  at  London;  in  1722  it  was  at  Dublin 
found  to  be  n°.i5  W«  and  in  1751  it  was  there 
found  to  be  19°. 00  W.  but  how  far  it  will  con¬ 
tinue  to  move  more  wefterly,  time  and  obfervati- 
ons  will  probably  be  the  only  means  to  difcover. 

At  Paris  in  1640,  the  variation  was  f.od  E. 
in  1666  there  was  no  variation  ;  but  in  1681  it  was 
2°.  30'  W.  and  ft  ill  continues  to  go  on  wefterly. 

How  to  draw  a  true  meridian  line  to  a  map ,  having 
the  variation  and  magnetical  meridian  given . 

On  any  magnetical  meridian  or  parallel,  upon 
which  your  map  is  protracted,  fet  off  an  angle  from 
the  north  towards  the  eaft,  equal  to  the  degrees 
pr  quantity  of  variation,  if  it  be  wefterly,  or  from 


the 
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the  north  towards  the  weft  if  it  be  eafterly,  and 
the  line  which  conftitutes  fuch  an  angle  with  the 
magnetical  meridian,  will  be  a  true  meridian  line. 

For  if  the  variation  be  wefterly,  the  magnetical 
meridian  will  be  the  quantity  of  variation  of  the 
weft  fide  of  the  true  meridian,  but  if  eafterly  on 
the  eaft  fide,  therefore  the  true  meridian  muff  be 
a  like  quantity  on  the  eaft  fide  of  the  magnetical 
one,  when  the  variation  is  wefterly,  and  on  the 
weft  fide  when  it  is  eafterly. 


How  to  lay  out  a  true  meridian  line  by  the  dr - 

cwnferentor. 


If  the  variation  be  wefterly,  turn  the  box  about 
till  the  north  of  the  needle  points  as  many  de¬ 
grees  from  the  flower-de-luce  towards  the  eaft  of 
the  box,  or  till  the  fouth  of  the  needle  points 
the  like  number  of  degrees  from  the  fouth  to¬ 
wards  the  weft,  as  are  the  number  of  degrees 
contained  in  the  variation,  and  the  index  will  be 
then  due  north  and  fouth  ;  therefore  if  a  line  be 


ftruck  out  in  the  direction  thereof,  it  will  be  a  tru 


meridian  line. 


If  the  variation  was  eafterly,  let  the  north  of 
the  needle  point  as  many  degrees  from  the  flower- 
de-luce  towards  the  weft  of  the  box,  or  let  the 
fouth  of  the  needle  point  as  many  degrees  towards 
the  eaft,  as  are  the  number  of  degrees  contained 
in  the  variation,  and  then  the  north  and  fouth  of 


the  box  will  coincide 


with  the  north  and  fouth 


points  of  the  horizon,  and  confequently  a  line 
being  laid  out  by  the  direction  of  the  index,  will 


-o  - ;T  b)' 

be  a  true  meridian  line. 


This 
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This  will  be  found  to  be  very  ufeful  in  fetting  an 
horizontal  dial,  for  if  you  lay  the  edge  of  the  in¬ 
dex  by  the  bafe  of  the  ftile  of  the  dial,  and  keep 
the  angular  point  of  the  flile  towards  the  fouth  of 
the  box,  and  allow  the  variation  as  before,  the 
dial  will  then  be  clue  north  and  fouth,  and  in  its 
proper  fituation  ;  provided  the  plane  upon  which 
it  is  fixed  be  duly  horizontal,  and  the  fun  be 
fouth  at  noon;  but  in  places  where  it  is  north 
at  noon,  the  angular  point  of  the  index  mull 
be  turned  to  the  north. 


Hozu  maps  may  be  traced  by  the  help  cf  a  true 


meridian  line . 


If  all  maps  had  a  true  meridian  line  laid  out 
upon  them,  it  would  be  eafy  by  producing  it,  and 
drawing  parallels,  to  make  out  field-notes*  and  by 
knowing  the  variation,  and  allowing  it  upon  every 
bearing,  and  having  the  durances,  you  would  have 
notes ^  fuflicient  for  a  trace.  But  a  true  meridian 
line  is  feldoin  to  be  niet  with,  therefore  wre  are 
obliged  to  have  recourfe  to  the  foregoing  method. 
It  is  therefore  advifed  to  lay  out  a  true  meridian 
line  upon  every  map. 

I  V  w  - 

How  to  find,  the  difference  between  the  prefent  variati¬ 
on, ,  and  that  at  a  time  when  a  trait  was  formerly 
furveyed ,  in  order  to  trace  or  run  out  the  original  lines. 

If  the  old  variation  be  fpecified  in  the  map'or 
writings,  and  the  prefent  be  known,  by  calcula¬ 
tion  or  otherwile,  then  the  difference  is  immedi¬ 
ately  feen  by  inipeclion  ;  but  as  it  more  frequently 
happens,  that  neither  is  certainly  known,  and  as 
the  variation  of  different  inftruments  is  not  always 
alike  at  the  fame  time,  the  following  practical  me¬ 
thod  may  be  very  ufeful,  viz. 

Go 
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Go  to  any  part  of  the  premifes  where  any  two 
adjacent  corners  are  known;  and,  if  one  can  be 
feen  from  the  other,  take  their  bearing;  which, 
compared  with  that  of  the  fame  line  in  the  former 
furvev,  fhews  the  difference.  Bat  if  trees,  hills, 
isfe.  obftrud  the  view  of  the  objeft,  run  the  line  ac¬ 
cording  to  the  given  bearing,  and  obferve  the  neareft 
diflance  between  the  line  fo  run  and  the  corner;  then. 
As  the  length  of  the  whole  line 
Is  to  57.3  degrees  * 

So  is  the  faid  diflance 

To  the  difference  of  variation  required. 

Example. 

Suppofe  it  be  required  to  run  a  line  which  fome 
years  ago  bore  NE.  45°?  diflance  80  perches, 
and  in  running  this  line  by  the  given  bearing,  the 
corner  is  found  20  links  to  the  left  hand ;  what 
allowance  muff  be  made  on  each  bearing  to  trace  tlie 
old  lines,  and  what  is  the  prelent  bearing  or  this 
particular  line  by  the  compafs  ? 


p. 

Deg..  L. 

As  80 

:  57  .3  :  ;  20 

25 

20 

0 

0 

0 

0 

1146.0(0°.  341 

60 

2)681760.0 


Anfwer  34  minutes,  or  a  little  better  than 
half  a  d  egree  to  the  left  hand,  is  the  allowance  re¬ 
quired,  and  the  line  in  queftion  bears  N.  44  *  26*.  E* 
Note,  The  different  variations  do  not  affecl  the 
area  in  the  calculation,  as  they  are  fimilar  in  eve¬ 
ry  part  of  the  furvey. 

A  T  A-4 


*  57<3  Is  the  radius  of 
ference  contains  360. 


a  circle  (nearly)  in  Jfuch  parts 


L  1 


as  the  circum* 

s 


(  25S  )  - 

A  T  ABLE  of  the  Sun's  Declination, 


For  the  Yeafs  1789, 

J793 

1 797 

< 

t 

ftj 

>| 

Feb. 

March. 

April. 

May. 

,  June. 

CO 

• 

J 

1 

South. 

South. 

South. 

North. 

North. 

North. 

CO 

• 

iD. 

M. 

D. 

M. 

D. 

M. 

D. 

M. 

D. 

M. 

D. 

M. 

422 

4016 

1 

6 

1 1 

5 

16 

8 

22 

31 

4 

8  22 

1014 

47 

1  4 

38 

7 

26 

17 

J5 

22 

55 

8 

1221 

33,]t3 

28 

1  3 

4 

8 

54 

18 

J7 

23 

1 2 

1 2 

16  20 

49 

12 

6 

1  1 

2  9! 1  ° 

20 

*9 

H 

23 

24 

16 

2019 

59, ro 

41  Nor 

.  6‘  1 1 

44 

20 

6 

23 

28 

20 

2419 

3 

9 

J3 

1 

4°| 1 3 

4 

20 

53 

23 

2( 

24 

28  18 

1 

7 

11 

3 

14  H 

20 

21 

34 

2  3 

17 

28 

For  the 

Years 

I79° 

*794>  1 7  9y- 

4!  2  2 

42 

16 

5 

6 

17 

5 

5° 

16 

4 

22 

29 

4 

822 

12 

14 

51 

4 

43 

7 

2 1 

17 

1 1 

22 

54 

8 

12  21 

! 

35 

!3 

33 

3 

IO 

8 

49 

18 

J3 

23 

1 1 

12 

16 

20 

52 

12 

1 1 

1 

35 

IO 

15 

*9 

1 1 

23 

23 

16 

20 

20 

2 

IO 

46 

Nor 

0 

1 1 

39 

20 

3 

23 

28 

20 

24 

19 

7 

9 

18 

1 

34 

12 

59 

20 

5° 

23 

26 

24 

28 

18 

5 

7 

48 

3 

8 

H 

16 

21 

32 

23 

18 

28 

For  the 

Years 

‘791. 

1 795 

>  !799- 

4 

22 

43 

16 

i°| 

6 

22 

5 

45 

16 

O 

22 

28 

4 

8 

22 

14 

r4 

56 

4 

49 

7 

*5 

17 

7 

22 

52 

8 

12 

21 

38 

*3 

38 

3 

15 

8 

44 

18 

IO 

23 

1 1 

12 

16 

20 

55 

1 2 

1 6 

1 

41 

IO 

IO 

*9 

8 

23 

23 

16 

20 

20 

5 

10 

51 

0 

6 

1 1 

34 

20 

1 

23 

28 

20 

24 

19 

10 

9 

24 

iN. 

29, 

12 

54j2o 

48, 

23 

26 

24 

28 

18 

9 

7 

54 

3 

3h4 

1 1 

2 1 

29'23 

19 

28 

For  the  Years 

1792, 

1796, 

1 800 

4 

22 

4516 

*5 

6 

51 

6 

2 

16 

*3 

22 

33 

4 

‘  8 

22 

1615 

1 

4 

31! 

7 

32 

1 7 

20 

22 

56 

8 

12 

2 1 

40 

l3 

43 

2 

57| 

9 

0 

18 

2  r ; 

53 

H 

2 

16 

20 

58 

12 

2 1 

1 

23 

IO 

26 

r9 

1823 

24116 

20 

20 

9 

IO 

56 1 

STor. 

12 

1 1 

49: 

20 

18,23 

2820 

2419 

H 

9 

29 

1 

4743 

9- 

JO 

6:23 

262 

4 : 

28!  1 8 

*3 

7 

59 

3 

20  14 

26  2 

j  1 

3723 

16:28  : 

- 

(  25 9  )  , 

A  TABLE  of  the  Suns  Declination . 


Each  the  firft.Year  after  Leap-Year 

j  Days. 

JuIy* 

Auguft 

Sept.  | 

061.  [ 

1 

Nov. 

Dec. 

t) , 

CO 

•  it 

North. 

North. 

North. 

South. 

South. 

South. 

D. 

M. 

D. 

M. 

D.  M. 

D. 

mJd. 

M. 

D. 

M. 

!  4 

23 

52 

17 

8 

7  0 

4 

3545 

36:22 

21 

4 

8 

22 

27 

16 

1 

5  3° 

6 

7 

16 

47  2  2 

49 

8  - 

12 

21 

56 

H 

5° 

3  58 

7 

38 

17 

5443 

9 

12 

1621 

19 

*3 

36 

2  26 

9 

7 

18 

55  j23 

22 

16 

20.20 

36 

i 2 

181 

0  53 

10 

34 

l9 

52;23 

2820 

j 

24!i9 

47 

10 

560011.  41 

1 1 

59 

20 

42  23 

26  24 

2818 

54 

9 

32 

2  15 

*3 

21 

21 

27*23 

1628 

Each  the  fecond  Year  after  Leap-Year. 

4 

22 

53 

17 

12 

7  5 

4 

29 

i5 

31 

22 

*9 

4 

8 

22 

28 

16 

5 

5  35 

6 

1 

16 

43 

22 

47 

8 

12 

21 

58 

H 

55 

4  4 

7 

32 

17 

50 

23 

8 

12 

16 

21 

21 

*3 

40 

2  32 

9 

2 

18 

52j23 

22 

1 6 

20j20 

39 

12 

22 

0  58 

10 

29 

*9 

49;23 

28 

20 

2449 

5° 

i11 

1 

Sou.  35 

11 

5420 

40 

23 

26 

24 

28l8 

57 

'  9 

37 

2  913 

1621 

25:23 

17 

28 

Each  the  third  Year  after  Leap-Year. 

4 

22 

54- 1 7 

167  10 

1  4 

23 

J5 

26 

22 

18 

4 

8 

22 

30;  16 

9 

5  41 

5 

56 

16 

38 

22 

46 

8 

12 

22 

0*14 

59 

4  10 

7 

27 

17 

46 

23 

7 

12 

16 

21 

2343 

45 

2  37 

8 

57 

18 

48 

23 

21 

16 

2C 

20 

4 1 1 1 2 

27 

1  4 

10 

24 

*9 

45 

23 

28 

20 

24 

.19 

534  1 

£ 

Sou.  30 

1 1 

49 

20 

37 

23 

27 

24 

28 

l9 

i\  9 

43 

2  4 

*3 

1 1 

21 

22 

23 

18 

28 

Each  being  Leap-Year. 


4 

22 

5047 

3 

6 

54 

4 

41 

15 

40 

22 

8  22 

25  !J5 

56 

5 

24 

6 

13 

16 

52 

22 

1221 

53^4 

45 

3 

52 

7 

44 

17 

58 

23 

1621 

*6]i3 

3° 

2 

20 

9 

*3 

19 

0 

23 

20 

20 

33  12 

12 

0 

46 

10 

40 

*9 

56 

,2  3 

24 

l9 

44' 1 0 

5 1 

Sou.  47 

1 2 

02° 

4623 

28 

18 

5°i  9 

27 

2 

2 1 

1  0 

2  0;2I 

S°*23 

24!  4 
5 1}  8 
1 1  12 
2316 

28  2C 

26  24 
1628 
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Necejfdry  DireSUons. 


Some  necejfary  direct  ions  concerning  fur-veys  in  gene¬ 
ral. 


If  you  have  a  large  quantity  of  ground  to 
furvey,  which  confifts  of  many  fields  or  holdings, 
and  that  it  be  required  to  map  and  give  the  re- 
fpeclire  contents  of  the  fame,  it  is  belt  to  make 
a  furvey  of  the  whole  frit,  and  to  be  fatisfied 
that  it  is  truly  taken,  as  well  as  to  find  its  content ; 
and  as  you  go  round  the  land,  to  make  a  note 
on  the  fide  of  your  iield-book  at  every  ftation 
where  the  boundary  of  any  particular  field  or 
holding  interfedfs  or  meets  the  furround ;  then 
proceed  from  any  one  of  thofe  flattens,  and  in 
your  field-book  fay,  “  proceed  from  fuch  a  ftation,” 
and  when  you  have  gone  round  that  field  or  di- 
vifion,  infert  the  ftation  you  clofe  at,  and  fo 
through  the  whole :  a  little  practice  can  only 
render  this  fufficiently  familiar,  and  the  method  of 
protraction  muft  be  evident  from  the  field-notes. 
’When  the  whole  is  protradfed,  and  you  are  fatisfied 
of  the  clofes  of  the  particular  divifions,  caft  up  each 
feverally,  and  if  the  fum  of  their  contents  be  equal 
to  *the  content  of  the  whole  firfl  found,  you  may 
fafely  conclude  that  all  is  right.  ‘ 


The  protraction  being  thus  finifhed  and  call  up, 
transfer  it  on  clean  paper,  vellum,  or  parchment, 
as  before  ;  be  careful  to  draw  your  lines  with  a 
fine  pen,  write  on  it  the  names  of  the  circumjacent 
lands,  and  fet  No.  i,  2,  3,  4,  dsff,  in  every  parti¬ 
cular  field,  or  divifion  ;  let  every  tenant’s  particular 
holding  be  diftinguifhed  by  a  different  coloured 
paint  being  run  finely  along  the  boundaries  ;  let 
all  the  roads,  rivulets,  rivers,  bridges,  bogs, 
ponds,  houfes,  caftlcs,  churches,  beacons  (or 
whatever  elle  may  be  remarkable  on  the  ground) 
be  diflinguifhed  on  the  map.  Write  the  °title  of 

the 
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the  map  in  a  neat  compartment  either  drawn, 
or  done  from  a  good  copper-plate  graving,  with 
the  gentleman’s  arms.  Prick  off  one  of  your 
parallels  with  the  map,  and  on  it  make  a 
mariner’s  '  compafs,  and  draw  a  flower-de-luce  to 
the  north,  and  this  will  reprefent  the  magneticai 
north ;  after  which  fet  off  the  variation,  which  ex- 
prefs  in  figures,  and  through  the  center  of  the 
compafs,  let  a  true  meridian  line  be  drawn  of 
about  3  inches  Jong,  by  which  write  True.  Meri¬ 
dian.  Let  a  fcale  be  drawn,  or  it  is  fufficient  to 
exprefs  the  number  of  perches  to  an  inch,  the 
map  was  laid  down  by.  Draw  a  reference  table 
of  three,  or,  if  occ.afion  be,  of  four  or  more 
columns  :  in  the  firft  inlert  the  number  of  the 
field  or  holding :  in  the  next  its  name,  and  by 
whom  occupied :  in  the  third  the  quantity  or 
acres,  roods,  and  perches  it  contains :  if  you  have 
unprofitable  land,  as  bog  or  mountain,  let  the 
quantity  be  inferted  in  the  fourth  column  ;  and, 
if  it  be  required,  you  may  make  another  column 
for  ftatute  meafure,  and  then  the  map  is  com¬ 
pleted. 


SEC  T. 


%6z>  Divifion  of  Land. 

SECT.  VII. 

The  method  of  dividing  land,  or  of  taking  off  or  in* 
clojing  any  given  quantity . 

Example. 

Plate  XII.  fig.  i. 

Let  ABCD,  &c.  be  a  map  of  ground,  con¬ 
taining  ii  acres,  it  is  required  to  cut  off  a  piece 
as  DEFGID,  that  fhall  contain  5  acres. 

Join  any  two  oppofite  ftations  as  D  and  G, 
with  the  line  DG  (which  you  may  nearly  judge 
to  be  «he  partition  line)  and  find  the  area  of  the 
part  DEFG,  which  fuppofe  may  want  3R.  20P. 
of  the  quantity  you  would  cut  off :  meafure  the 
line  DG,  which  fuppofe  to  be  70  perches.  Di¬ 
vide  3R.  20P.  or  140P.  by  35,  the  ~  of  DG, 
and  the  quotient  4  will  be  a  perpendicular  for 
a  triangle  whofe  bale  is  70,  and  the  area  140P. 
Let  HI  be  drawn  parallel  to  DG,  at  the  diftance 
of  the  perpendicular  4,  and  from  I,  where  it  cuts 
the  boundary,  draw  a  line  to  D,  and  that  line  DI 
will  be  the  divifion  line  ;  or  a  line  from  G  to  H 
will  have  the  fame  effect ;  all  which  muff;  be  evident 
from  what  has  been  already  faid. 

But  if  hills,  trees,  &c.  obftruft  the  view  of  the 
points  D  and  I  from  each  other,  it  will  be  neceffary, 
in  order  to  run  the  partition  line,  to  know  its  bear¬ 
ing  ;  and  it  may  be  proper  on  fome  occalions,  to 
have  its  length ;  both  thefe  may  be  eafily  calculated 
from  the  common  field-notes  only,  as  in  the  follow¬ 
ing  examples,  without  the  trouble  of  any  other  mea- 
furement  on  the  ground,  or  any  dependence  on 
the  map  and  feale. 


Divifion  of  Land* 
Example  IL 


Plate  .  XII.  fig.  3. 

Let  ABCDEFGHIA  be  a  tra£t  of  land,  to  be 
divided  into  two  equal  parts,  by  a  right  line  from 
the  corner  I  to  the  oppofite  boundary  CD ;  required 
the  bearing  and  length  of  the  partition  line  IN,  by 
calculation,  from  the  following  field-notes,  viz* 


Field-Notes  and  Area. 


Boun. 

Bearing. 

Perch. 

AB 

N. 

1 9°. 

0' 

E. 

I08. 

BC 

S. 

77- 

0 

E. 

91* 

CD 

S. 

27. 

0 

E. 

DE 

s. 

52* 

0 

W. 

58- 

EF 

s. 

*5- 

3° 

E. 

76. 

FG 

Weft. 

7°-9 

GH 

N. 

36. 

0 

W. 

47- 

HI 

North. 

64-3 

IA 

N. 

62. 

*5 

W. 

59" 

152A. 

iR. 

2 

5-9P- 

Operation. 


1 ABCI.  |  Per.  |  N. 


I A  |N.  6'2°iW. 

AB  N.  19  E. 


BC 

Cl 


S.  77  E. 


59 

108 

91 


Area,  8722.3  perches. 


27-5 
102. 1 


1 29.6 


S. 


20.5 
1 09. 1 


1 29.6 


E. 


r* 

•  JLs 


35 
88.7 


I23*9 


W. 

52.2 


7l-7 


-3-9 


ro 
*— •  • 

O- 

K-  • 

rP 


n 


* 


152A.  iR.  25. 9P.  —  24385.9  perch, 
half,  to  be  divided  off,  =  12192.97  ^  , 
the  part  I  A  B  C  1  =  8722.33  UlDr' 


Triangle  I  C  N  I  =  3470.6  perch. 


I  GDI. 


&6a 
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ICDI. 

Per. 

N. 

IC 

CD 

DI 

-4  p4 

1 

!  1 

! 

1 

1  - — jr  • 

co 

1 15 

109. 1 

Area,  6522.1  per. 

IO9.  I 

S. 


|  E.  !  W. 


102.  K 


6.6 


71.7 

52.2 


1 23.0 


109.11123  9|  123.9 


ro 

7s 


h-* . 


o 


Then,  ^  I  C D I  :  CD  :  :  1CNI  :  CN  \  Th.  18 

1 


\  1  L.  u  1  :  :  :  1  ^  in  i  ;  in  / 

£6522.1  :  1 1 5  :  :  3470.6  :  61.193 
which  determines  the  point  N  in  CD. 


Sec. 


ICNI. 


IC  j  as  before 

cn:s.  27  e. 
ni 


Per.  1  N. 


01.2 


109. 1 


s. 

E. 

W. 

7  *  *7 

27.8 

54*5 

54-6 . 

99-5 

As  dif.  lat.  54.6 

:  Radius  S.  90  deg. 
:  :  Depart.  99.5 

:  Tang.  Bear.  6ivif 


As  S.  Bear.  6i°i5/ 

:  Depart.  99.5 
:  :  Radius  S.  90  deg. 
:  Diftance  11 3.49 


.  r  C  IN  runs  N.  6i°  id  E. 

Anfwer,  <  ,TT  c  r  J*  1 13.5  per. 

5  £N1  runs  S.  61  15  W.  3  jjr 

S’  ■ 

In  the  part  IABCI,  the  difference  between  the 
northings  and  the  fouthings  of  the  three  lines,  IA, 
AB  and  BC  (109.1)  is  the  difference  of  latitude, 
and  that  of  their  eaftings  and  wettings  (7 1 . 7 )  the 
departure  of  the  line  Cl,  which  is  placed  thereto,  fo 
as  to  balance  the  columns;  fee  thco.  1.  fed.  V; 
hence  the  content  is  obtained,  as  already  taught, 
without  the  bearing  or  length  of  the  line  CL 

For  the  triangle  ICDI,  the  diff.  lat.  and  dep.  of 
IC  are  taken  from  the  preceding  table,  which  in  go¬ 
ing  from  1  to  C  will  be  northing  and  calling  ;  thofe 
of  CD  are  found  by  the  bearing  and  diftance,  and 
of  BI  bv  balancing  the  columns,  as  before  for  CF. 

The 
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The  difference  of  latitude  (54-6)  and  departure 
(99.^)  of  the  line  Nl,  in  the  third  table,  are  found 
by  balancing  thofe  of  IC  and  CN  ;  and  as  they  are 
the  bafe  and  perpendicular  of  a  right  angled  trian¬ 
gle,  of  which  the  line  NI  is  the  hypothenufe,  and 
the5  angle  oppofite  to  the  departure,  the  Bearing, 
we  have  the  anfwer  by  two  trigonometrical  fta- 
tino-s,  as  above;  and  thus  may  any  trad  be  accu¬ 
rately  divided,  or  any  propofed  quantity  readily  cut 
off  or  inclofed. 


Now,  the  ftudent  or  practitioner  may  calculate 
the  content  of  the  part  ABCNIA  (the  bearing  and 
di (lance,  or  the  did.  lat.  and  dep.  of  CN  and  of 
NI  being  known)  and  if  it  be  found  equal  to  the 
intended  quantity,  it  proves  the  truth  of  the  ope¬ 
ration. 

Example  III. 


Plate  XII.  fig.  3. 

It  is  propofed  to  cut  off  38  A.  1  ^ *  to  tne  fotitn 
end  of  this  tract,  by  a  line  running  from  E  due 
Weft  40  perches  to  a  well  at  O,  and  from  thence  a 
right  line  to  a  point  M  in  the  boundary  HI ;  the 
place  of  M,  and  the  bearing  and  length  of  the  line 
OM  are  required  ;  the  field-notes  being  as  in  exam¬ 
ple  2d. 

Anfwer 


M  from  H,  north,  43.23  ? 
OM,  N.  78°  7‘  W.  39.03  5  1 


hes. 


In  this  example  wre  find, 


The  area  of  OEFGHO 
Confeqiiently  of  HOMH 
Dif.  lat.  of  the  line  HO  —  HV 
Departure  of  ditto  ^  ~  O  \r 

M  m 


Perches. 


=  527°-5 

=  806.0 

=  -3  5f 3 


As 


$66  Divifion  of  Land. 

As  HI  happens  to  be  a  meridian,  the  area  of 
HOMH  divided  by  half  OV  (19.1)  quotes  HM 
(43 ;23)  without  finding  the  area  of  HOIH,  as  we 
did  of  ICDI  in  example  2d.  and  HM — HV  — : 
VM  ==a  8.03  =  diff.  lat.  of  OM,  which,  with  its  dep. 
VO  =  38.2,  gives  the  bearing  and  diftance  as  before. 


Example  IV. 


Plate  XII.  fig.  4, 


A  trapezoidal  field  ABCD,  bounded  as  under 
fpecified,  is  to  be  divided  into  two  equal  parts  by 
a  right  line  EF  parallel  to  AB  or  CD;  required 
AF  or  BF?  n 


Bou. 

Bearing. 

Per. 

AB 

BC 

CD 

DA 

South. 

N.  80  W. 
N.  39i  W. 
S.  80'  E. 

3°* 

60. 

45-5 

89.4 

j3a-  3r-  7r- 

In  the  triangle  CBG  are  given  BC  and  all  the 
angles  (known  by  the  bearings)  to  find  BG,  and 
thence  the  area  by  prob.  9.  fed.  4.  which  +  half  the 
area  of  ABCD  =  area  of  EFG  ;  then,  as  the  area 
or  CBG  to  that  of  EFG,  fo  is  the  fquare  of  BG 
to  the  fquare  of  FG,  and  FG-— BG  =  BF. 


Operation 
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Operation  at  large. 

Angle  G 

390  30',  log.  S.  Co.  Ar. 

0.19649 

•  add 

Side  BC 

60  per.  log. 

1-77815  < 

Angle  C 

40°  30',  fine 

9.81254) 

f. 

Side  BG 

61.26  per. 

1.78718 

>  add 

Side  BC 

60  per. 

1.77815  > 

Angle  B 

ioo°  o',  fine 

9*99335 

2)3619.8,  log. 

3-55868 

As  CBG 

—  1809.9  Co.  Ar. 

6.74235) 

1 

1 103.5  =  BCEF 

{>  add 

To  EFG 

=  2913.4,  log- 

3.46440 

So  fqr.  BG  61.26,  log.  ^ 

I.78718 
I.78718  ^ 

1 

j 

Tofqr.  FG  77.72  (2)3-781 1 1 

Anfr,  BF  ==  16.46  per*  1*89055 


By  the  application  of  this  method  a  traft  of  land 
may  be  divided  accurately,  in  any  proportion,  by  a 
line  running  in  any  afiigned  dire&ion. 

Note.  When  the  pra&itioner  would  wilh  to  be 
very  accurate,  it  will  be  much;  better  to  work  by 
four-pole  chains  and  links  ihan  by  perches  and 
tenths ;  one  tenth  of  a  perch  fquare  being  equal  to 
fquare  links. 


E  x  A 


(  £68  ) 

Example  V. 


The  following  Field-Notes  (from  A,  Barns)  are  of  a 
piece  of  land ,  which  is  propofed ,  as  an  Example ,  to 
be  divided  into  three  equal  parts ,  by  two  right-lines 
running  from  the  fixth  and  feventh  fations  ;  and 
proved ,  by  calculating  the  content  of  the  middle  pari * 


St. 

Bearing.  S 

4P.C,j 

I 

N.E.  56% 

21 .6o; 

I 

O 

X/ 

N.E.  264 

1 

■H 

3 

S.E.  71  ~ 

1 8.96j 

4 

S.E.  26^ 

1 3*44 

1 

5 

S.W.  714 

1 8.96 

6 

S.E.  45 

00 

• 

7 

S.E.  63 | 

13.44 

8 

N.E.  45 

8.47 

9 

S.E.  264- 

*3-44 

I  o 

S.W.  45 

8.47 

1 1 

s.w.  634 

*3*44 

12 

N.W.  76 

24-73 

*3 

N.W.  361 

30.00 

A.  R.  P. 

Area  167.  1.  24. 

m 
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E  X  A  M  P  L  E  VI. 

Plate  VIII.  fig.  5. 

*  The  plot  ABCDEFGHA  is  propofed  to  be  divide 
ed,  geometrically ,  in  the  proportion  of  2  to  3,  by  a 
right-line  from  a  given  point  in  any  boundary  or  an¬ 
gle  thereof,  fuppofe  the  point  D. 

Reduce  the  plot  to  the  triangle  cDe,  as  already 
taughi ;  divide  the  bafe  ce  in  the  point  N,  fo  that 
eN  be  to  Nc  in  the  ratio  of  two  to  three,  by  prob, 
14.  page  53  \  draw  DN,  and  it  is  none. 

Example  VII, 

Plate  XII.  fig.  3. 

Example  2d.  may  likewife  be  performed  geometrically . 

Produce  CD  both  ways  for  a  bafe,  and  reduce  the 
whole  to  a  triangle,,  making  I  the  vertical  point ; 
then  bifect  the  bafe  in  N,  and  draw  IN.  But, 

Notwithstanding  this  geometrical  method  is  de- 
monftrably  true  in  theory,  it  is  not  as  fare,  on  prac¬ 
tical  occafions  requiring  accuracy,  as  the  calculation, 
even  when  performed  with  the  greateft  care ;  for 
which  reafpn  we  will  not  enlarge  on  it  here. 

Example  VIII. 

Suppofe  864  acres  to  be  laid  out  in  form  of^  a  right* 

angled  parallelogram ,  of  which  the  fides  Jhall  be  in 

proportion  as  5  to  3  >  required  their  Dinicnjlons  ? 

For  the  greater  fide,  multiply  the  area  by  the  great¬ 
er  number  of  the  given  proportion,  and  divide  by 

the 
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the  lefs ;  or,  for  the  lefs  fide,  multiply  by  the  lefs 
number,  and  divide  by  the  greater  ;  the  fquare-root 
of  the  quotient  will  be  the  fide  required ;  thus, 

8  64A.  =  138240  P.  138240 

5  3 

3)691200  5)414720 


Anfw.  V  230400  =  480.  V  82944=288. 
Example  IX. 

If  it  be  required  to  lay  out  any  quantity  of  ground, 
fuppofe  47 A.  2R.  16P.  in  form  of  a  parallelogram, 
of  which  the  length  is  to  exceed  the  breadth  by  a 
given  difference,  for  inftance  80  perches,  then,  add 
the  fquare  of  half  this  difference  to  the  area,  and 
take  the  fquare-root  of  the  fum  ;  to  which  add  half 
the  difference  for  the  greater  fide,  and  fubftraft  it 
therefrom  for  the  lefs  ;  thus, 

2)80  47 A.  2R.  i6P.=  7616  perches. 

-  1600 

40  - 

40  V  92 1 6  =  96 

1600  half  dif.  add  and  fubt.  —  40 

C  the  length  ==  136 
Anfw.  <  — 

C.  the  breadth  =  56 

Any  propofed  quantity  of  ground  may  be  laid  out 
®r  inclofed  in  the  form 


Square  -  -  by  prob.  2d."| 

Parallelogram,  1  fide  giv.  by  pro.  4th.  hfec.  IV, 
Triangle  of  a  given  bafe,  by  pro.  7th. 

Circle  -  by  prob.  ijth.^ 

It 
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It  is  fometimes  moft  convenient,  when  land  is  to 
be  laid  out  adjacent  to  a  creek,  river,  or  other  crook¬ 
ed  boundary,  to  meafure  off-fets  to  the  angles  or 
bendings  thereof,  from  a  right-line  or  lines  taken 
near  fuch  boundary,  and  to  dedud  the  area  of  thefe 
off-fets  from  the  given  quantity,  and  then  to  lay  off 
the  remainder  from  the  right-line  or  lines,  in  the 
defired  form. 

In  laying  out  new  lands,  attention  muff:  be  paid 
to  the  allowance  for  roads,  as  exemplified  in  prob* 
14th,  page  195. 

Example  X. 

It  is  required  to  divide  off  30  acres,  to  the  fouth 
eafl  end  of  the  trad,  of  which  the  field-notes  are 
given  in  example  4th,  by  a  right-line,  to  run  N. 
200  E.  See  example  4th-, 
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VIII. 


Containing  the  fur  v  eying  of  Harbours ,  or.  and 

Lev  thing. 
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Plate  XIII.  %.  i. 

Hp PIE  RE  are  three  methods  whereby  this  may 
J|  be  performed  ;  for  the  obfervations  may  be  made 
either  on  the  water  or  on  the  land.  Thofe  made 
on  the  water  are  of  two  kinds,  one  by  the  log-line 
and  compafs  (as  in  plain  failing)  meafuring  the 
courfe  and  diflance  round  the  land  ;  and  then  to 
be  plotted  as  a  large  wood,  or  any  enclofure  taken 
by  the  circumferentor* 

This  method  I  omit  for  two  reafons  ;  fir  ft,  be- 
caufe  it  is  to  be  deduced  from  the  writers  of  navi¬ 
gation ;  and,  fecondly,  becaufe  the  diftances  thus 
meafured  are  liable  to  the  errors  of  currents,  which 
generally  attend  fhoals  or  finds  near  the  fliore. 

The  fecond  method,  where  there  are  no  dif¬ 
tances  to  be  meafured  on  the  water,  tho’  Hill  there 
is  one  inconvenience,  common  alfo  to  the  former, 
becaufe  the  bearings  or  obfervations  are  to  be  taken 
on  that  im (table  element  (an  error  fcarce  mention- 
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ixl  by  practical  artifts)  I  fhall  briefly  hint  at ;  and 
fo  rather  choofe  a  third,  which  is  liable  to  neither 
of  thefe  imperfections* 

Let  a  boat  be  manned  out  with  a  fignal  flag,  a 
log  and  line,  lead  and  line,  and  to  obferve  the  bear¬ 
ings  of  any  land-mark,  a  compafs  with  fights. 


Take  two  or  more  objects  or  places,  as  A,  B,  C, 
on  the  fliore,  from  whence  the  boat  may  be  feen  on 
the  feveral  parts  of  this  flioal,  and  determine  their 
relative  pofition  by  bearing  and  diftances,  either  be¬ 
fore  or  after  the  other  neceffary  obfervations  are 
made. 

One  of  the  boat’s  crew  is  to  found  till  he  finds 
himfelf  on  the  edge  of  the  fand,  by  the  depth  of 
water,  and  then  to  come  to  an.  anchor  \  which  he 
is  to  bonify  to  two  perions  on  the  fliore,,  at  B  and 
C,  by  his  fignal.  And  then  from  thofe  known 
land-marks,  B  and  C,  the  obfer vers  are  to  take 
the  bearings  of  the  boat,  and  to  regift er  their  ob¬ 
fervations  ;  which,  when  done,  they  are  to  fignify 
to  the  crew  by  waving  a  flag,  or  by  forne  other 
fignal.  ^ 

And  in  the  mean  time,  to  prevent  miflakes,  let 
the  crew  take  the  bearings  of  each  of  thefe  land¬ 
marks  :  Then  weigh  anchor,  which  fuppofe  at  1). 


Then  by  founding,  proceed  to  E,  and  make 
like  obfervations.  And  fo  at  E,  F,  G,  Gc.  till 
you  have  Unrounded  your  fand. 


And  if  in  this  procefs,  you  are  about  to  lofe  the 
fight  of  one  oi  your  land-marks,  iuppole  G,  let  youi 
afliftant  at  C,  or  B,  who,  at  that  time  will  alio  be 

N  n  about 
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about  to  lofe  the  fight  of  the  boat,  by  fignals  (be¬ 
fore  agreed  on)  remove  to  home  other  objebt  be- 
fore-hand  agreed  on,  fuppofe  to  H,  or  K ;  and  then 
to  proceed  as  before. 

Laftly,  if  the  fand  runs  fo  far  out  to  fea,  that 
the  object  cannot  be  feen  by  the  boat,  nor  the 
boat  by  the  obferver  on  fhore  ;  there  may  be  rock¬ 
ets  fired  by  the  boat’s  crew,  and  alfo  by  the  ob- 
fervers  on  fhore  in  the  night,  whereby  thofe  bear¬ 
ings  may  be  taken  almofl  at  as  great  a  diftance  as 
the  light  can  be  feen.  For  fuppofing  they  rife  but 
a  quarter  of  a  mile  above  the  apparent  horizon,  its 
flay  will  be  about  9  feconds,  and  its  diftance  for 
this  quarter  of  a  mile  will  be  vifible  about  44 
miles. 

But  rockets  rife  much  higher,  and  then  the  dis¬ 
tances  are  much  greater,  whereby  they  are  vifible. 

Or  two  boats  may  lie  at  anchor  inftead  of  the 
land-marks,  and  then  you  may  work  as  before. 

Now,  fmee  the  land-marks  B  and  C  are  fixed, 
their  pofition  may  be  laid  down  in  the  draught,  as 
in  common  furveying,  by  plotting  the  diftance  be¬ 
tween  B  and  C.  And  then,  by  plotting  the  line 
BD,  and  the  line  DC,  according  to  their  pofition, 
their  common  interfe&ion  will  give  the  point  D. 
And  in  like  manner  E,  F,  G,  &c.  may  be  plot¬ 
ted  ;  and  fo  the  fhoals  completed  :  And  this  from 
the  bearings  taken  at  B  and  C. 

If  this  be  a  {landing  lake,  environed  by  bogs, 
or  other  impediments ;  the  obfervations  at  D,  E,  F, 
by  taking  their  oppofites,  may  fuftice  to  plot 
the  fame  from  the  land-marks.  A,  B,  C,  EsV.  as 
well  as  thofe  taken  on  the  land}  or,  indeed,  by 

the 
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the  courfe  and  diftance,  as  in  navigation,  if  the 
water  be  fmooth  and  without  a  cun  ent. 

In  fea-fhoals,  it  is  convenient  to  note  at  each  ob- 
fervation  the  depth  of  the  water  found  by  the  lead, 
and  the  drift  and  fetting  of  the  current  by  the  log 
and  compafs,  while  the  boat  is  at  anchor,  which 
may  be  done  with  eafe  and  expedition  enough,  for 
while  the  boat  rides  at  an  anchor,  her  hern  points 
out  the  fetting  of  the  current,  and  the  log  and  glafs 
will  meafure  its  drift. 

And  thefe  ought  to  be  noted  on  the  draught, 
which  may  be  thus : 

The  currents  may  be  (hewn,  by  drawing  a  dait 
pointing  out  its  fetting,  and  its  drift  by  the  Roman 
capital ‘  letters,  the  depth  of  water  by  the  knaU 
figures,  and  rocks  by  little  crofies,  be. 


LEVELLING. 
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EVELLING  is  the  art  of  afeertaining  the  per- 
Jl_J  pendicular  afeent  or  defeent  of  .one  place  ?  or 
more)  above  or  below  the  horizontal^  level  of  ano¬ 
ther,  for  various  intentions  ;  and  oi"  marking  out 
courfes  for  the  conveyance  oi  water,  Be. 

The  true  level  is  a  curve  conforming  to  the  fur- 
face  of  the  earth  ;  as  ABG. 

The  apparent  level  is  a 
as  ADE, 


tangent  to  that  curve  y 

The 
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The  corrections  or  allowance  for  the  earth’s  curva¬ 
ture,  is  the  difference  between  the  apparent  level 
and  the  true,  as  BD,  The  quantity  of  this  correc¬ 
tion  may  be  known  by  having,  in  the  right-angled 
triangle  CAB,  the  two  legs,  AC  =  the  ff-midiameter 
of  the  earth  (=1267500  perches)  and  AD  ==*  the  dif- 
tance  of  the  ohjed,  to  find  the  hypothenufe  CD, 
from  which  taking  CB  (=  CA)  the  remainder  will 
be  the  corredion  BD  \  but  it  may  be  obtained  more 
pradically,  thus  5 

Square  the  diffance  in 

C  four-pole  chains  and  divide  by  800, } 

<  or  in  perches  and  divide  by  1 2800,  > 

C  or  in  railes  and  multiply  by  8, ) 

for  the  corredion  in  inches. 

Example. 

Required  the  corredion  for  20  four-pole  chains 
r=  80  perches  ==  l  mile  ? 

800)20  x  20  =  4oo(«5 
1 2800)80  x  80  =  6  4oo(.5 
~  =.25,  and  .25 x .25X 8  =  .5 
that  is  .5,  or  ~  inch,  the  corredion  required. 

But,  to  fave  the  trouble  of  calculation,  we  infer! 
the  following  Table  of  Corredions. 


A  Table 
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A  ‘ fable  of  Corrections. 

The  diftances  in  four-pole  chains. 


Diftan.  \ 

Correc.  | 

Diftan. 

Correc. 

Chains 

i aches 

Chains 

Inches 

. 

1  S 

0,00125 

27 

0,91 

2 

0,005 

28 

0,98 

3  1 

0,01  125 

29 

1,05 

4 

0,02 

3° 

1,12 

5 

0,03 

31 

1,19 

6 

0,04 

32 

1,27 

7 

0,0  6 

33 

1-35 

8 

0,08 

34 

i>44 

9 

c,  10 

35 

M3 

10 

0,12 

36 

1,62 

» 

0,15 

37 

1,71 

12 

0,18 

38 

1, 80 

13 

|  0,21 

39 

i*9l 

14 

'  0,24 

40 

2,00 

15 

;  0,28 

45 

2,28 

1 6 

1  0,32 

50 

3>12 

17 

0,36 

55 

3w8 

18 

0,4-0 

60 

4,50 

l9 

0,45 

65 

S’31 

20 

0,50 

70 

6,12 

21 

o,55 

75 

7>°3 

22 

0,60 

80 

8,00 

23 

0,67 

85 

9’°3 

24 

0,72 

90 

i9’12R 

25 

0,78 

95 

26 

0,84 

100 

1  12,50 

The  fir  ft  thing  neceffary  in  levelling,  is  the  aojuft- 
ina;  of  the  level,  which  may  be  performed  feveral 
ways :  The  following  is  very  eafy  and  practical. 

Choofe  fome  ground  which  is  not  above  4  01  5 
feet  out  of  the  level,  for  the  diftance  of  8  or  10 


27S  Of  LEVELLING. 

chains  length,  and  fuppofe  it  be  AB  (fig.  3.) 
and  find  the  middle  between  A  and  B,  which  fup¬ 
pofe  to  be  C  ;  plant  the  inflrument  at  C  ;  direct  the 
tube  to  a  flanon-Haff,  held  up  at  A,  and  elevate  or 
deprefs  the  tube,  till  the  bubble  is  exadly  in  the 
middle  of  the  divifions ;  then  by  fignals  direct  your 
afliftant  at  A,  to  raife  or  deprefs  the  vane.  Hiding 
on  the  ftation-flaff,  till  the  horizontal  hair  in  the 
glafs,  cuts  the  middle  of  that  vane ;  then  fee  how 
many  feet,  inches,  and  parts,  are  cut  by  the  upper 
part  of  the  vane,  which  fuppofe  to  be  3  feet  4 
Inches  and  6  tenths. 

In  like  manner  dired  to  the  other  flafr,  at  B,  and 
fuppofe  the  upper  edge  of  that  vane  to  cut  at  the 
height  of  6  feet  5  inches  and  two  tenths ;  then  will 
thefe  two  vanes  be  on  a  level. 

From  6  feet  5.2  inches  fubtrad  3  feet  4.6  inches, 
and  refer ve  the  remainder  3  feet  0.6  inches. 

Now,  remove  the  inflrument  as  clofe  to  the 
higher  flation-flaff  as  you  can;  fo  that  the  middle 
of  the  telefcope  may  almofl  touch  it.  Then  bring 
the  telefcope  as  near  to  a  level  as  the  judgment  of 
the  eye  will  aired. 

Meafure  from  the  ground,  the  height  of  the  top 
of  the  telefcope  ;  and  alfo  of  the  bottom,  in  feet, 
inches,  and  parts :  Suppofe  them  to  be  4  feet 
10.5  inches,  and  5  feet  0.3  inches  ;  then  half  the 
fum  of  thefe  heights  4  feet  1 1  4  inches  is  the 
height  of  the  center  of  the  glafs ;  and  to  this  add 
half  the  breadth  of  the  vane,  which  fuppofe. to  be  1 
inch  and  5  tenths,  and  to  the  fum  5  feet  0.9 
inches,  add  the  preceding  remainder  3  feet  0.6 
inches ;  then  let  the  perfon  at  B  move  his  vane, 
nil  the  upper  edge  cut  8  feet  1.5  inches,  the  fum 
of  the  preceding  numbers. 


Now, 
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Now,  fo  elevate  or  deprefs  the  hair  or  the  bub¬ 
ble,  till  the  hair  cut  the  middle  of  the  vane  at  R, 
and  at  the  fame  time  the  bubble  hands  in  the  mid¬ 
dle  of  the  divifions ;  and  then  will  the  inflrument 
be  duly  adjufted. 

If  you  have  a  mind  to  be  more  accurate,  repeat 
the  operation ;  but  when  you  place  the  inflrument 
at  C,  turn  the  tube  at  right  angles  to  the  line  AR, 
and  there  fet  it  level ;  then  proceed  with  the  repe¬ 
tition  of  the  work.  Only  obferve  to  crofs-level  it 
in  this  adjuftment,  and  in  all  future  ufes  what- 
foever. 

Or  the  level  may  be  adj ufted  thus  :  As  before, 
Lift  plant  the  inflrument  in  the  middle  between  A 
and  B  (fig.  4.)  and  obferve  the  heights  on  the  fta- 
tion-flaves,  which  fuppofe  to  be  as  above  ;  and 
confequently  their  difference,  as  before,  is  3  feet 
0  6  inches.  Now  meafure  from  C  towards  the 
higheft  ground  A,  fome  diflance  that  comes  almoft 
to  A  y  fuppofe  4  chains  to  D,  and  DB  will  be  9 
chains,  and  DA  one  chain :  Then  plant  the  inflru¬ 
ment  at  D,  diredt  the  telefcope  to  A,  and,  fetting 
the  bubble  to  the  middle  of  the  divifion,  direct 
your  afiiftant  to  move  the  vane,  till  the  hair  cuts 
the  middle  of  it ;  and  note  down  the  feet,  inches, 
and  parts  cut  by  the  upper  edge  of  the  vane ; 
which  fuppofe  to  be  3  feet  8.4  inches:  To  this  add 
the  difference  3  feet  0.6  inches,  and  the  fum  6  feet 
9  inches  referve.. 

Now  diredl  the  telefcope  to  the  flaff  at  B,  level 
it,  and  direcl  your  affiftant  to  move  the  vane,  till 
the  hair  cuts  the  middle  thereof ;  and  then,  if  the 
upper  edge  of  the  vane  cuts  the  foregoing  fum  6 
feet  9  inches,  the  hair  and  bubble  are  truly  adj  uft¬ 
ed.  But  if  not,  fay,  As  BD  lefs  Z\D,  is  to  the 
difference  between  the  numbers  cut  by  the  upper 
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edge  of  the  vane,  and  the  number  6  feet  9  inches-; 
fo  is  the  diftance  AD  to  a  number,  which  added 
to  that  cut  by  the  vane,  when  Ids  than  6  feet  g7 
and  fubtracled  from  the  number  cut  by  the  vane, 
when  it  is  greater  than  6  feet  9,  will  give  a  number, 
to  which  let  the  a'ffiftant  fix  the  vane  ;  then  fo  ele¬ 
vate  or  deprefs  the  hair  or  the  babbie,  till  the  hair 
cuts  the  middle  of  the  vane  at  B,  and  the  bubble 
hands  in  the  middle  of  the  divifions  ;  for  then  the 
level  will  be  adjufted,  The  operation  may  be  again 
repeated,  and  at  every  flation  crofsdeveiled,  which 
will  confirm  the  former  ad; ailment. 


Or  it  will  be  hill  better  to  fet  the  flation  {laves  equal¬ 
ly  diflant  from  the  inftrument  (fuppofe  about  16  or 
20  perches  each)  at  an  angle  of  about  6o°  or  fo  as 
to  form  nearly  an  equilateral  triangle  therewith,  and 
level  the  2  vanes  (A  and  B  fig.  5.)  as  before,  which 
will  be  then  both  in  the  fame  horizontal  level,  whe¬ 
ther  the  inftrument  be  right  adjufled  or  not,  becaufe 
one  will  be  as  much  above  or  below  the  true  level  of 
the  inftrument,  as  the  other,  being  at  the  fame  dif- 
tance  from  it  ;  then  remove  the  inftrument  as  near 
as  may  be  to  one  of  them,  fuppofe  A,  and  raife  or 
lower  the  vanef  A  to  the  exacl  level  of  the  vifuat 
ray  in  the  inftrument,  noting  precifely  how  much  it 
is  moved,  and  have  the  other  vane  B  moved  juft  as 
much,  in  order  to  bring  them  again  to  a  level,  al¬ 
lowing  for  the  correction  of  the  apparent  level  if  it 
be  a  fenfible  quantity,  then  adjuft  the  inftrument  to 
the  level  of  the  vane  at  B. 


To  adjuft  the  rafter  level  (plate  13.  fig.  6.)  which 
may  be  10,  12  or  14  feet  in  the  (pan  AB  ;  fet  it 
on  ti  plank  or  hard  ground  nearly  level  and  mark 
where  the  plumb  line  cuts  the  beam  mil,  fuppofe  at 
c,  then  invert  the  position  by  fetting  the  foot  A  in 
the  place  of  B,  and  B  in  that  of  A,  marking  where 

the 
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the  line  now  cuts,  as  at  e ;  the  middle  point  between 
c  and  e  will  be  the  true  levelling  mark. 

To  continue  a  level  courfe  with  this  inftrument, 
fet  the  foot  A  to  the  flatting  place,  and  move  B  up¬ 
ward  or  downward  toward  D  or  E,  till  the  point.  B 
be  determined  and  marked  for  a  level  with  A,  then 
carry  the  inftrument  forward  in  the  direction  of  G 
till  the  foot  A  refts  at  B,  whence  the  point  C  is 
leveled  as  before,  &c.  Sights  may  be  placed  at  r 
and  s  and  the  inftrument  adjufted  to  them,  as  before, 
by  reverfmg  them  in  the  direction  of  fome  diftant 
pbjqft. 

After  the  inftrument  is  duly  adjufted,  you  may 
proceed  to  life  it.  Let  the  example  be  this  an¬ 
nexed  (rig.  7.)  where  A  every  where  reprefents 
the  level,  and  B  the  ftation  ftaves  ;  and  fuppofe  the 
route  be  made  from  a  to  e;  firft  plant  the  inftru¬ 
ment  between  the  ftaves  a  and  b  :  at  A  direct  the 
level  to  a  B,  bring  the  bubble  to  the  middle  of  the 
diviftons,  and  inftrud  your  afliftant  fo  40  place  the 
yane,  that  the  hair  in  the  telefcope  cuts  the  middle 
of  the  vane ;  then  in  a  book  divided  into  two  co- 
lums,  the  one  intituled  Back  Sights ,  the  other  Fore 
Sights ,  enter  the  feet,  inches,  and  parts  cut  by  the 
upper  edge  of  the  vane  at  a  B,  in  the  column  in¬ 
tituled  Back  Sights . 

Then  look  towards  the  other  ftaff  b  B,  bring  the, 
bubble  to  the  middle  of  the  diviftons,  and  direct 
your  afliftant  to  place  the  vane  fo,  that  the  hair 
cuts  the  middle  of  the  vane;  then  enter  the  feet, 
inches,  and  parts  cut  by  the  upper  edge  of  the  vane, 
in  the  column  of  Fore  Sights. 

Now,  plant  the  inftrument  at  A  3,  (till  keeping 
the  ftaff  Bb  exactly  in  the  fame  place,  and  carry 
the  ftaff  aB  forwards  to  the  place  cB ;  now  look 

O  o  back 
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back  to  the  ftaff  bB,  and  enter  the  numbers  cut  by 
the  vane  there,  under  the  title  Back  Sights  ;  then 
look  forwards  to  cB,  and  enter  the  obfervation 
under  the  title  Fare  Sights .  Do  the  like  when  the 
inftrument  is  planted  at  A  3,  A  4,  &c.  always  tak¬ 
ing  care  to  keep  the  ftaff  in  the  fame  place  when 
you  look’d  at  it  for  a  Fore  Sight ,  till  you  have  alfo 
taken  with  it  a  Back  Sight.  . 

Having  finiflied  your  level,  add  up  the  column 
of  Back  Sights  into  one  fum,  and  the  column  of 
Fore  Sights  alfo  into  one  fum ;  and  the  difference 
between  thefe  fums  is  the  afcent  or  defcent  re* 
quired.  And  if  the  fum  of  the  Fore  Sights  be  greater 
than  the  fum  of  the  Back  Sights,  then  e  is  lower 
than  a  ;  but  if  the  fum  of  the  Fore  Sights  be  lefts  than 
the  fum  of  the  Back  Sights ,  e  is  higher  than  a.  For 
example  let  the  numbers  be  as  in  the  following 
table. 


Back  Sights . 

Fore  Sights . 

Feet.  Inch.  Tenths. 

Feet.  Inch.  Tenths. 

3  •  7  »  5 

6  •  4  >  5 

4.6,8 

8.3,2 

6.0,2 

5-4,7 

9  •  5  9  0 

8.7,8 

1.0,7 

9  •  A"  9  h 

24  .  8  ,  2 

38  .  1  ,  0 

24  .  8  ,  2 

13  •  4  »  8 

Hence  the  defcent  is  13.4,8 


Some 
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&?/*/£  obfervatiom  to  be  noticed . 

1.  And  if  the  diftances  thus  taken  are  fhort,  the 
curvature  of  the  earth  may  be  rejected.  For,  if 
the  diftance  from  the  inftrument  be  every  where 
about  ioo  yards,  all  the  curvatures  in  a  mile’s  work 
will  be  lefs  than  half  an  inch. 

2.  If  the  diftances  from  the  inftrument  to  the 
hindermoft  ftaff,  be  every  where  equal,  to  the  dif¬ 
tance  from  the  inftrument  to  the  correfponding 
ftaff ;  the  curvature  of  the  earth,  and  the  minute 
errors  of  the  inftrument  will  both  be  deftroyed. 
Hence  it  will  be  much  beft  to  fet  the  inftrument  a$ 
equally  diftant  from  both  ftaves  as  may  be. 

3.  If  the  diftances  of  the  inftrument  from  the 
ftaves,  be  very  unequal  and  very  long,  the  curva¬ 
tures  muft  be  accounted  for,  and  the  diftances,  in 
order  thereto,  muff  be  meafured. 

4.  Therefore  it  appears,  that  the  beft  method  to 
take  a  level,  is  to  mealuie  the  feveral  diftances  from 
the  inftrument  to  the  back  and  torward  ftation 
ftaves ;  and  enter  them  in  the  held -book,  accord¬ 
ing  to  the  titles  of  their  feveral  columns,  as  in  the 
following  example  ;  and  correct  the  heights  from  the 
table  of  allowances ;  which  may  be  done  at  hoine? 
when  you  are  about  to  funi  up  the  heights. 


gackwards* 
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Backwards. 

Forwards. 

Diftan. 

Height 

Corrected 

Diftan. 

Height 

Corrected 

Links 

Inches 

{Inches 

Links 

Inches 

Inches 

370 

3>24 

418 

4-36 

4’34 

430 

6,10 

6,08 

328 

7,l8 

7> 1 7 

760 

i’38 

5>3* 

289 

6,75 

6,6  7 

584 

7>25 

7,2i 

530 

9>53 

9>56 

326 

8,15 

8,14 

48  5 

11,25 

11,22 

658 

10,25 

10,20 

376 

8,65 

8,63 

530 

6,22 

7  O' 

6,29 

720 

10,34 

10,28 

3658 

^3146 

68,04 

46>47 

3M6 

57>8i 

46,47 

11  >34 

So  that  the  fall  in  63  chains  is  about  it  inches 
and  ~  of  an  inch. 


Laftly,  Though  hitherto  we  have  confidered  the 
level  with  one  telefcope  only,  the  fame  obferva*- 
tions  may  be  applied  to  a  level  with  a  double  te- 
lefcope ;  and  I  would  advife  thofe  who  ufe  the 
double  telefcope,  at  every  ftation  to  turn  that  end 
of  the  telefcope  forward,  which  before  was  the  con¬ 
trary  way. 

A  more  general  method  of  levellings  adapted  id  the 
furveying  of  roads  and  hilly  grounds  is  exhibited  in  the 
following  examples  in  which  the  meafures  are  given  in 
links . 

E  X  A  M  P  L  £. 

Elate  XIII.  fig.  3. 

Required  the  beating  and  diilance  of  the  place 
B  from  As  and  its  perpendicular  afeent  or  defeent* 
above  or  below  the  horizontal  level  of  A. 

Stat. 
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a 

P  ■ 

r-t'- 

•  - 

Courfe  or 
Bearing.' 

Elev.  or  jObl. 
Depref.  jDifl:. 

Hor. 

Dili. 

Perpen. 
Afcent  | 
or  Defc. 

DifJ  De- 

Lat.  part. 

!  .  1 

1 

2 

3 

4 

'  5 

NE  '7fis' 
NE  75  00 
N  E  50  30 
S  E  85  15 
S  E  70  oo‘ 

r>  1 70 1.5' 

D  21  45 
E  14,00 
D11  Jo 
E  19  15 

738 

684 

976 

93° 

620 

7°5 

635 

947 

911 

;  585 

218.9:131 

253.41164 

236.1  602 
r 1 85.4)  75 

'204.O  200 

!, 

692 

613 

730 

1  QOS 

549 

39483783 

1 

217.66223492 
|Defc. !  N.  |  E. 

As  Dif.  Lat.  622 
Is  to  Radius  S.  9 p°, 
So  is  Dep.  3492 

To  T.  Bear.  790  54'. 


i  As  S.  Bear.  790  54' 
Is  to  Dep.  3492, 
So  is  Radius  S.  90° 
To  Did.  3547. 


As  100  links  :  66  feet  :  :  217.6  links  :  143.6  feet, 
.the  defcent  of  B  below  the  level  of  A. 


Hence, 


B  bears  N.  790  54*  E.  from  A. 
Neared  horiz.  dill.  3547  links. 
Sum  of  obi.  did.  3948  links. 
Sum  of  horiz.  did.  3783  links. 
Perp.  defc.  217.6  L.  =  143.6  F. 


s 


>  anfwer. 


With  the  angular  elevation  or  deprefiion  in  the 
third  column,  and  the  oblique  didance  in  the  fourth 
{as  courfe  and  didance)  are  found  the  horizontal 
didance  in  the  fifth,  and  the  perpendicular  afcent  or 
defcent  in  the  fixth,  for  each  dation  (as  difference 
of  latitude  and  departure:)  then,  with  the  bearing 
and  horizontal  didance  we  get  the  difference  of  la¬ 
titude  and  departure  in  the  two  lad  columns. 


The  afcenls  and  defcents  in  the  fixth  column  are 
didinguifhed  by  the  letters  E  and  D  in  the  third,  fig- 

nifying 
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nifying  elevation  or  depreffion ;  and  being  added 
feparately,  the  difference  of  their  fums  is  fet  at  the 
bottom  of  the  column  with  the  name  of  the  greater, 
and  {hews  the  perpendicular  defcent  of  B  below  the 
horizontal  level  of  A. 

In  like  manner  the  northings  and  fouthings  in  the 
feventh  column  are  diftinguifhed  by  the  letters  N 
and  S  in  the  fecond,  &c. 


PROMISCUOUS  QUESTIONS. 

1.  The  perambulator,  or  furveying  wheel,  is  fo 
contrived  as  to  turn  juft  twice  in  the  length  of  a 
pole,  or  1 6}  feetj  what  then  is.  the  diameter  ? 

Anfw.  2.626  feet. 

2.  Two  Tides  of  a  triangle  are  refpe&ively  20  and 
40  perches ;  required  the  third  fo  that  the  content 
may  be  juft  an  acre  ? 

Anfw.  either  23.099  or  58.876  perches. 

3.  I  want  the  length  of  a  line  by  which  my  gar¬ 
dener  may  ftrike  out  a  round  orangery  that  ihali 
contain  juft  half  an  acre  of  ground. 

Anfw,  yards. 

4.  What  proportion  does  the  arpent  of  France, 
which  contains  100  fquare  poles  of  18  feet  each, 
bear  to  the  American  acre,  containing  160  fquare 
poles  of  16.5  feet  each,  confidering  that  the  length 
of  the  French  foot  is  to  the  American  as  16  to  15  ? 

Anfw.  as  512  to  6 


PROMISCUOUS  QUESTIONS.  287 

5.  The  ellipfe  in  Grovefnor  fquare  meafures  840 
links  the  longed  way,  and  612  the  (horted,  within 
the  rails :  now  the  wall  being  1 4  inches  thick,  it  is 
required  to  find  what  quantity  of  ground  it  inciofes, 
and  how  much  it  (lands  upon  ? 

Anfw.  it  inclofes  4 A.  6P.  and  (lands  on  17 6o~ 
fquare  feet. 

6.  Required  the  dimenfions  of  an  elliptical  acre, 
with  the  greated  and  lead  diameters  in  the  propor¬ 
tion  of  3  to  2  ? 

Anfw.  17.479  by  11.653  perches. 

7.  The  paving  of  a  triangular  court,  at  1 8 d,  per 

foot,  came  to  100/.  The  longed  of  the  three  fides 
was  88  feet :  what  then  was  the  fum  of  the  other 
two  equal  Tides?  Anfw.  106.85  feet. 

8.  In  no  acres  of  datute  meafure,  in  which  the 
pole  is  i6y  feet,  how  many  Chelhire  acres,  where 
the  cudomary  pole  is  6  yards,  and  how  many  of 
Ireland,  where  the  pole  in  ufe  is  7  yards. 

Anfw.  92 A.  iR.  28P.  Cheihire;  67A. 

Irifh. 

9.  The  three  fides  of  a  triangle  containing  6A» 
iR.  12P.  are  in  the  ratio  of  the  three  numbers,  9, 
8,  6,  refpe&ively ;  required  the  fides  ? 

Anfw.  59.029,  52.47,  and  39.353. 

10.  In  a  pentangular  field,  beginning  with  the 
fouth  fide,  and  meafuring  round  towards  the  ead, 
the  fird  or  fouth  fide  is  2735  links,  the  fecond  3115, 
the  third  2370,  the  fourth  2925,  and  the  fifth  2220 ; 
alfo  the  diagonal  from  the  fird  angle  to  the  third  is 
3800  links,  and  that  from  the  third  to  the  fifth  4010: 
required  the  area  of  the  field  ? 

Anfw.  117A.  2R.  28P. 

11.  Required 


3R.  25P, 


a88  PROMISCUOUS  QUESTIONS. 

11.  Required  the  dimenfions  of  an  oblong  gar* 
den,  containing  three  acres,  and  bounded  by  104 
perches  of  pale  fence  ? 

Anfw.  40  perches  by  12. 

12.  How  many  acres  are  contained  in  a  fquare 
meadow,  the  diagonal  of  which  is  20  perches  more 
than  either  of  its  fides  ? 

Anfw.  4 A.  2R.  1  iP. 

13.  If  a  man  fix  feet  high  travel  round  the  earth, 
how  much  greater  will  be  the  circumference  defcri- 
bed  by  the  top  ox  his  head,  than  that  by  his  feet  ? 

Anfw,  37.69  feet, 

N.  B.  the  required  difference  is  equal  to  the  cir¬ 
cumference  of  a  circle  of  6  feet  radius,  let  the  mag¬ 
nitude  of  the  earth  be  what  it  may. 

14.  Required  the  dimenfions  of  a  parallelogram 
containing  200  acres,  which  is  40  perches  longer 
than  wide  ? 

Anfw.  200  perches  by  160. 

15.  What  difference  is  there  between  a  lot  28 
perches  long  by  20  broad,  and  two  others  each  of 
half  thofe  dimenfions  ? 

A$fw.  1A/3R. 
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b 

!  i  Deg- 

|  i  Deg.  " 

i  Deg. 

d  j 

,  • 

Lat. 

Dep. 

1  Lat. 

Dep., 

Lat. 

Dep. 

<HA 

I 

1,00 

0,0c 

1,00 

0,01 

I,OC 

0,01 

1 

2 

2,00 

0,01 

2,00 

0,02 

2,oc 

0,03 

2 

3 

3,°o 

0,01 

3,0c 

0,03 

3,oc 

0,04 

3 

4 

4, CO 

0,02 

4,00 

0,03 

4,oc 

0,05 

4 

•  5 

5,co 

0,02 

5,oc 

0,04 

5,oc 

0,07 

5 

6 

6,oo 

0,03 

6,00 

0,05 

6,0c 

0,08 

6 

7 

7,co 

°£3 

2,oc 

oto6 

7pc 

0309 

7 

8 

8,0c 

0,03 

8,00 

°,°7| 

8,oo 

c,lo 

8 

9 

9,oc 

^,04 

9,0c 

0,08 

9,oc 

0,12 

9 

IO 

10,0c 

0,04 

10,0c 

0,09 

10,00 

0,13 

10 

ii 

II,OC 

0,05 

11,0c 

0,10 

1 1,00 

[  0,14 

'H  j 

12 

1 2,0c 

0,05 

1 2,0c 

0,10 

12,00 

0,16 

IZ 

13 

13,0c 

c,o6 

13,0c 

0,11 

1 3  ,°°| 

0,17 

13  : 

14 

14,0c 

0,06 

14,0c 

0,12 

14,0c 

0,18 

14 

15 

15,0c 

0,07 

15,0c 

0,13 

15,00 

0,20 

15 

16 

1 6,0c 

0,07 

0,07 

1 6,0c 

'  0,14 

1 6,co 

c,2i 

16 

17 

f  7>oc 

17,0c 

0,15 

I7,oQ 

0,22 

17 

18 

1 8,0c 

0,08 

1 8,0c 

0,16 

18,00 

0,24 

18 

*9 

19,0c 

0,08 

19,0c 

0,17 

19,00 

0,25 

19 

20 

20,0c 

0,09 

20,0c 

0,17 

20,00 

0,26 

20 

21 

2  I  ,oc 

0,09 

21,00 

0,18 

21,00 

0,27 

21 

22 

,22,0C. 

0,10 

22,00 

0,19 

22,00 

0,29 

22 

23 

■23,00 

0,10 

23,00 

0,20 

23,00 

0,30 

23 

24 

24,CC 

■  0,10 

24,00 

0,21 

24,00 

0,31 

24 

25 

25,00 

0,11 

25,00 

0,22 

25,00 

0,33 

25 

26 

26,00 

o,ji 

26,00 

0,23 

26,00 

o,34 

26 

27 

27,00 

0,12 

27,00 

0,24 

27,00 

o,35 

27  ; 

rf  ?8 

28,00 

0,12 

28,00 

0,24 

28,00 

o,37 

28 

^9 

3° 

22,00 

30,00 

M  ; 

■'*  r\ 

O  O 

29,0c 

30,C0‘ 

0,25 

0,26 

29,00 

30,00 

0,38 

o,39 

29 

3° 

3i 

31,00 

o,?4 

3L0C 

1  os27 

3 1.,  00 

0,4-1 

31 

32 

32,00 

0,14 

32,OC 

0,28 

32,00 

0,42 

32 

33 

33PC 

0,14 

33,OC 

0,29 

33-.OG 

o,43 

33  ' 

34 

34,oo 

0,15 

34,OC 

0,30 

34,oo 

o,45 

34 

35 

35,oo 

0,15 

35,OC 

0,3 1 

a  5,00 

0,46 

35 

36 

’.56,00 

.  0,1 6 

36,0c 

o,3 1 

36,00 

0,47 

r>6 

37 

37,oo 

0,16 

37,OC 

0,32 

37,oc 

0  1  s 

37 

38 

38,00 

0,17 

38,00 

o,33 

«)  8  ,cc 

0,50 

38 

39 

39,od 

0,17 

3  >  »oc 

'  0,3  4 

•39,00 

0,51 

1  39 

40 

40,00 

0,17 

40, 'DC 

c,35 

40,0c 

0,52 

40  i 

.  .  4i  „ 

41,00 

c,t8 

41,0c 

0,36 

41,0c 

o,54 

41  j 

42 

42,0c 

0,18 

42,00 

o,37 

42,0c. 

o,55 

42 

1  43 

43,0c 

.  0,19 

43,oc 

0,38 

43,oc 

0,56 

a  •*>  l! 

■  4 

t  44 

44,00 

0,19 

44,0c 

0,38 

44,0c 

0,5  8 

44 

!  45 

45,00 

0,20 

45  ,oc 

0,39  45,oc 

o,5  9 

45 

46 

46,00 

C,20 

46,00 

0,40 

46,0c 

0,60 

46 

!  47 

47,00 

0,21 

47,00 

0,41 

4  7  >°c 

0,62 

47 

’  1  48 

48,00 

0,21 

48,00 

0,42 

48,0c 

.  0,63 

4  ^ 

f|  49 

49,0c 

0,21 

49,00 

0,43 

49.00 

0,64 

49 

fi  5<L 

50,0c 

0,22 

50,0c 

0,44 

50  oc 

0,65 

50 

Dep. 

Lat. 

[  Dep. 

Lat. 

1  )cp 

Lat. 

•  1 

-T--4  J  j 

1 5  _ 

,8d| 

y  *y 

■. — •» — 'i  — < 

1 

Deg. 

Deg. 

/••N"  1 

M  1 

—A 
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r l'~  '  ' 

d 

• 

«*  | 

*  Deg-  1 

i  Deg. 

4  Deg. 

1 

d  . 
►—  • 

P 

Lat. 

Dep.  ji 

.Lat. 

Dep. 

Lat. 

Dep. 

51 

51,00 

0,22  I 

5?, 00 

0,45 

51,0c 

0,67 

51 

52 

52,00 

0,23 

52,00 

0,45 

52,00 

0,68 

52 

53 

53»oo 

0,23 

54,00 

0,46 

53,o° 

0,69 

53 

54 

54PO 

0,24 

54>oo 

0,47 

54,9° 

0,71 

54 

55 

55  >00 

0,24 

55, po 

0,48 

55, po 

0,72 

55 

5<> 

56,00 

0,24 

56,00 

0,49 

56,00 

o,73 

56 

57 

57>Po 

0,25 

57,oo 

0,50 

57,oo 

P,75 

57 

58 

58,00 

0,25 

58,00 

0,51 

57,99 

0,76 

58 

59 

59,o° 

0,26 

5  9. 00 

0,51 

58,99 

o»77 

59 

60 

60,00 

0,26 

60,00 
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24,97 

1,20 

25 

26 

25,98 

0,91 

25,98 

1,62 

25,98 

4,13 

25,97 

1,25 

26 

27 

26,98 

0,94 

26,98 

j,o6 

26,97 

1,18 

26,97 

1,30 

27 

28 

27,98 

0,98 

27,98 

1,10 

27,97 

1,22 

|27, 97 

4,34 

28 

29 

28,98 

ijoi 

28,98 

1,14 

28,97 

1,26 

28,97 

4,39 

29 

30 

29  98 

1,05 

20,98 

1,18 

29,97 

4>3I 

29,97 

4,44 

30 

31 

30,98 

1,08 

30,98 

1,22 

30,97 

4)35 

30,96 

4,49 

34 

32 

31,98 

1,12 

31,98 

1,26 

31,9/ 

1,40 

31,96 

1,54 

32 

33 

32,98 

1,15 

32,97 

4,30 

32,97 

1?  44 

32,96 

1,58 

33 

34 

33,98 

1,19 

33,97 

4,33 

33,97 

1,48 

33,96 

1,63 

34 

:  35 

34,98 

1,22 

34,97 

i,37 

34,97 

4>53 

34,96 

1,68 

35 

36 

35,98 

1,26 

35,97 

1,41 

35,97 

4,57 

35,96 

4,73 

36 

37 

36,98 

1,29 

36,97 

1,45 

36,96 

1,61 

36,96 

1,78 

37 

38 

37,98 

4,33 

37,97 

1,49 

37,96 

1,66 

37,96 

1,82 

38 

39 

38,98 

1,36 

38,97 

i,53 

38,96 

1,70 

38,96 

1,87 

39 

40 

39,98 

1,40 

39,97 

L57 

39,96 

39,95 

1,92 

40 

41 

40,98 

L43 

40,97 

1,61 

40,96 

•L77 

40,95 

4,97 

41 

42 

4i,97 

i,47 

4L97 

1,65 

41,96 

4,83 

41,95 

2,02 

42 

43 

42,97 

1,50 

42,97 

1,69 

42,96 

'1,88 

42,95 

2,06 

43 

44 

J3»97 

i,54 

43,97 

i,73 

'  43,96 

1,92 

43,95 

2,11 

44 

45 

44,97 

i,57 

44,97 

i,77 

44,96 

1,96 

44,95 

2,16 

45 

46 

45,97 

1,61 

45,96 

1,81 

45,96 

2,01 

45,95 

2,21 

46 

47 

46,97 

1,64 

46,96 

1,85 

46,96 

2,05 

46,95 

2,25 

47  | 

48 

47,97 

i,68 

47,96 

1,88 

47,95 

2,09 

47,95 

2,30 

48 

i  49 

48,97 

1,71 

i  48, ye 

1,92 

4?,95 

2,14 

48,94 

3,35 

49 

1!  5° 

49,97 

L74 

1  49,96 

v  1,96 

49,95 

2,18 

49,94 

2,4c 

50 

Dep.  ^  Lat. 

1  Dep 

|  .Lat. 

Dep 

Lat. 

i  Uep 

1  Lat « 

— 1 

P 

1 _ 

88  Deg. 

1 

Deg. 

87i 

Deg. 

1  »7i 

Deg. 

•  — « 

P 
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■  0 

>-*  • 

• 

2  Deg. 

2  a  ^g. 

2i  Deg. 

2i  Beg. 

0  1 

rp  1 

Licit* 

Dep. 

Lat 

Dep- 

Lat. 

Dep. 

Lat. 

Dep. 

51 

50,97 

i,78J 

50,96 

2,00 

50,95 

2,22 

50,94 

2,45 

51  I 

52 

5i,97 

1,81 

51,96 

2,04 

5L9i 

2,27 

5L94 

2,50 

52  ; 

53 

5  2,97 

1,85 

52,96 

2,08 

52,95 

2)3?. 

52,94 

2,54 

53  rl 

54 

53,97 

1,88 

53,96 

2,T  2 

53,95 

2,36 

53,94 

2,59 

54 

55 

54,97 

1,92 

54,96 

2,l6 

54,95 

2,40 

54,94 

2,64 

55  i 

56 

55,9" 

i,95 

55,96 

2,20 

55,95 

2,44 

55,94 

2,69 

56 

57 

56,97 

I>99 

56,96 

2,24 

56,95 

2,49 

56,93 

2,73 

57  1 

58 

57,96 

2,0.2 

57,96 

2,28 

^7,94 

2>53 

57,93 

2,78 

58  j 

59 

58,96 

2,06 

58,95 

2,32 

58,94 

2)57 

58,93 

2,83 

59 

60 

59,96 

2,09 

59,95 

2,36 

59,94 

2,62 

59)  93 

2,88 

60  1 

61 

60,96 

2,13 

60,95 

2,39 

60,94 

2,66 

60,93 

2,93 

61  £ 

62 

61,9c 

2,16 

6i,95 

2,43 

61,94 

2)70 

6j)93 

2,97 

62  ; 

63 

62,96 

2,20 

6.2,9  5 

2,47 

62,94 

2)75 

62,93 

3)02 

63  1 

64 

63,96 

2,23 

63,95 

2,5? 

63,94 

2)79 

63)93 

3,07 

64  { 

65 

64,96 

2,27 

64,95 

2,55 

64,94 

2,84 

64)93 

3)12 

65 

66 

65,96 

2,30 

65,95 

2,591 

65,94 

2,88 

65,92 

3,17 

66 

67 

66,96 

2,34 

66,95 

2,63 

66,94 

2,92 

66,9a 

3)21 

67-  ! 

68 

67,96 

2,37 

67,95 

2,67 

67,94 

2?97 

67,92 

3,26 

68 

69 

68,96 

2,41 

68,95 

2,7 1 

68,93 

3)0i 

68,92 

3)3i 

69 

70 

69,96 

2,44 

69,95 

2,75 

69,93 

3?°5 

69,92 

3)36 

70 

7i 

70,96 

2,48 

70,95 

2,79 

70,93 

3)io 

70,92 

3,41 

7i 

72 

71,96 

2,51 

7L94 

2,83 

7L93 

3)M 

71,92 

3,45 

72 

73 

72,96 

2,55 

72,94 

2,8.7 

72,93 

3)i  8 

72,92 

3?5o 

73 

74 

73,95 

2,58 

73,94 

2,91 

73,93 

3)23 

73)91 

3,55 

74  ! 

75 

74,95 

2,62 

74,94 

2,94 

74,93 

3)27 

74,91 

3,60 

75  ! 

76 

75,95 

2,651 

75,94 

2,98 

75,93 

3)3T 

75,91 

3,65 

76 

77 

76,95 

2,69 

76,94 

3,02 

76,93 

3)36 

76,91 

3,70 

77 

78 

77,95 

2,72 

77,94 

3,o6 

77,93 

3)40 

77,91 

3,74 

78 

79 

78,95 

2,76 

:  78,94 

3,io 

78,92 

3)45 

78,91 

3)79 

79 

80 

79,95 

2,79 

79,94 

3,i4 

79,92 

3)49 

79,91 

3)84 

80 

81 

80,95 

2,83 

j8°,94 

3,1.8 

80,92 

3)53 

80,91 

3)89 

8f~  , 

82 

8i,95 

2,86 

81,94 

3,22 

81,92 

3)58 

81,91 

3,93 

82 

83 

82,95 

2,90 

182,94 

3,26 

82,92 

3)62 

82,90 

3)98 

83 

84 

83,95 

2,93 

83,94 

3,30 

83,92 

3)66 

83,9° 

4,03 

84 

85 

84,95 

2,97 

84,93 

3,34 

84,92 

3)7i 

84,9c 

4,o  8 

85 

86 

85,95 

3,oo 

85,93 

3,38 

85,92 

3)75 

85,9° 

4,13 

86 

87 

86,95 

3,04 

86,93 

3,42 

86,92 

3)79 

86,90 

4,17 

87 

88 

87,95 

3,07 

87,93 

3,45 

87,92 

3)84 

87,9c 

4)22 

88 

89 

88,95 

3, 

188,93 

3,49 

88,92 

3)88 

88,9c 

4,27 

89 

90 

89,95 

3,14 

89,93 

3,53 

89,91 

3)93 

89,9c 

4,32 

90 

1  9* 

9°, 95 

3,18 

90,93 

3,57 

90,91 

3)97 

90,9c 

4,37 

9i 

t  92 

91,94 

3,21 

9 1 ,93 

3,6i 

9i,9i 

4,01 

91,89 

4,41 

92 

93 

92,94 

3,25 

92,93 

3,65 

92,91 

4,06 

92,89 

4,46 

93 

94 

93,94 

3,28 

93,93 

3,69 

93,9i 

4)io 

93)89 

4,5i 

94 

95 

94,94 

3,32 

94,93 

3,73 

94,9i 

4)i4 

94)89 

4,56 

95 

96 

95,94 

3,35 

95,93 

3,77 

1  95,9j 

4)i9 

95)89 

4,6i 

96 

97 

96,94 

3,39 

96,93 

3,8i 

I  96,91 

4)23 

96)89 

4,65 

97 

98 

97,94 

3,42 

97,92 

3,85 

97, 91 

4)27 

97)89 

4,70 

98 

99 

98,94 

3,46 

98,92 

3,89 

98,91 

4)32 

98,89 

#,75 

99 

100 

99,94 

3,'49 

99,92 

3,93 

99, 91 

4)36 

99,88 

4,80 

too 

8  ^ 

Dep. 

Lat. 

Dep. 

Lat. 

Dep 

Lat. 

Dep 

Lat. 
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Li 

88  Deg. 
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Deg. 
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Deg. 
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Deg. 
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IF 

»-*• 

p 

3  Deg. 

3i  Des- 

3  *  Deg. 

Deg. 

Il 

Lat. 

Dep. 

Lat.  |  Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

I 

1,00 

0,05 

1,00 

0,06 

1,00 

0,06 

1,0c 

0,06 

1 

I 

2 

2,0c 

0,10 

2,00 

0,1.1 

2,00 

Oyl  2 

2,0c 

0,13 

2  | 

3 

3  Pc- 

0,16 

3,oo 

0,17 

.2,99 

0,l8 

2,99 

0,20 

3  \ 

4 

3,99 

0,21 

3,99 

0,23 

3,99 

0,24 

3,99 

0,26 

4 

5 

4,99 

0,26 

4,99 

0,28 

4,99 

0,31 

4,99 

°,33 

5 

6 

5,99 

0,31 

5,99 

0,34 

5,99 

o,37 

5,99 

°,39 

6 

7 

6,99 

o,37 

6,99 

0,40 

6,99 

o,43 

6,99 

0,46 

7 

8 

7,99 

0,42 

7,99 

0,45 

7,99 

0,49 

7,98 

0,52 

8 

o 

8,99 

o,47 

8,99 

0,51 

8,98 

o,55 

8,98 

°,59 

9 

IO 

9  >99 

0,52 

9,98 

o,57 

9,98 

c,6j 

0,98 

0,65 

10 

— 

'  ii 

10,98 

0,58 

10,98 

0,62 

10,98 

0,07 

10,98 

0,72 

11 

12 

11,98 

0,63 

11,98 

0,68 

11,98 

o,73 

11,97 

0,78 

12 

13 

12,98 

0,68 

12,98 

0,73 

12,98 

°,79 

I2,97 

0,85 

13 

14 

I3>98 

o,73 

13,98 

0,79 

13,97 

0,85 

j3,97 

0,92 

14 

15 

14,98 

o,79 

14,98 

0,85 

14,97 

0,92 

I4,97 

0,98 

15 

16 

15,98 

0,84 

15,97 

0,91 

15,97 

0,98 

*5,97 

1,05 

16 

17 

16,98 

0,89 

16,97 

0,96 

16,97 

1,04 

16,96 

1,1* 

17 

18 

17,98 

0,94 

17,97 

1,02 

17,97 

I, IO 

17,96 

1,18 

18 

19 

18,98 

o,99 

18,97 

1,08 

18,96 

I,-l6 

18,96 

1,24 

19 

20 

19,97 

I, o<r 

19,97 

1,13 

19,96 

1,22 

19,96 

i,3i 

20 

21 

20,97 

1,10 

20,97 

1,19 

20,90 

1,28 

20,96 

I,37 

21 

22 

2i,97 

1,15 

21,96 

1,25 

21,96 

I,34 

2i,95 

1,44 

22 

^3 

22,97 

1,20 

22,96 

1,30 

22,96 

1 ,40 

22,95 

1,50 

23 

24 

23,97 

1,26 

23,96 

1,36 

23,96 

I,47 

23,95 

24 

25 

24,97 

1,31 

24,96 

1,42 

24,95 

I,53 

24,95 

1,64 

25 

26 

25 ,96 

1,36 

.25,96 

1,47 

25,95 

J,59 

25,94 

1,70 

2(5 

27 

16,96 

1,41 

26,96 

i,53 

26,95 

1,65 

26,94 

1,77 

27 

28 

27,96 

1,47 

27,95 

i,59 

27,95 

Vi 

27,94 

1,83 

28 

29 

28,96 

i,52 

28,95 

1,64 

28,95 

I,77 

28,94 

I,9° 

29 

30 

■29,96 

D57 

29*95. 

1,70 

29P4 

1,83 

29,94 

1,96 

30 

31 

30,96 

1,62 

30,95 

1,76 

30,94 

1,89 

30,93 

2,03 

31 

32 

31, 96 

1,67 

3L95 

1,81 

31,94 

*,9  5 

31,93 

2,09 

32 

33 

32,95 

1,73 

32,95 

1,87 

32,94 

2,01 

32,93 

2,16 

33 

34 

33,95 

1,78 

33,95 

D93 

33,94 

2,08 

33,93 

2,22 

34 

35 

34,95 

1,83 

34,94 

1,98 

34,93 

2,14 

34,92 

2,29 

35 

36 

35,95 

1,88 

35,94 

2,04 

35,93 

2,20 

35,92 

2,35 

36 

37 

36,95 

i,94 

36,94 

2,10 

36,93 

2,26 

36*92 

2,42 

37 

38 

37,95 

i>99 

37,94 

2,15 

37,93 

2,32 

37,92 

2,49 

38 

39 

38,95 

2,04 

38,94 

2,21 

38,93 

2,38 

38,92 

2,55 

39 

AO 

39*95 

2,09 

39-94 

2,27 

39,93 

2,44 

39,91 

2,62 

40 

41  ' 

40,94 

2,15 

40,93 

2,32 

40,92 

2,50 

40,91 

2,68 

4i 

42 

41,94 

2,20 

4L93 

2,38 

41,92 

2,56 

4i,9i 

2,75 

42 

43 

42,94 

2,25 

42,93 

2.44 

42,92 

M3 

42,91 

2,81 

43 

44 

43,94 

2,30 

43,93 

2,49 

43, 9* 

2,69 

43,91 

2,88 

44 

45 

44,94 

2,36 

44,93 

2,55 

44,92 

2,75 

44,90 

2,94 

45 

46 

45,94 

2,41 

45,93 

2,61 

45 ,9 1 

2,81 

45 ,9C 

3,oi 

46 

47 

46,94 

2,46 

46,92 

2,66 

46,91 

2,87 

46,90 

3P7 

47 

48 

47,93 

2,51 

47,92 

2,72 

47,91 

2,93 

47,9° 

3,M 

48 

49 

48,93 

2,56 

48,92 

2,78 

48,91 

a, 99 

48,9c 

3,20 

46 

50 

49,93 

2,62 

49,92 

2,83 

49,9 1 

3,05 

49,89 

3,27 

50 

Dep 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 
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Lat. 
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s 

u- 
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Deg. 

86i  Deg. 

Deg. 
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d 

4  Deg* 

4i  Deg- 

4t  Deg. 

4t  Deg* 

»3 

«  : 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

P  i 

I 

1,00 

0,07 

1,00 

0,07 

I,OC 

0,08 

1)00 

0,08 

1  1 

2 

2,00 

0,14 

1 ,99 

0,15 

L9> 

0,16 

•T)99 

0,17 

2  [ 

3 

2,99 

0,21 

2,99 

0,22 

2,99 

0,24 

2)99 

0,25 

3 

4 

3>99 

0,28 

3,99 

0,30 

3,99 

0,31 

3)9  8 

o,33 

4 

5 

4,99 

o,35 

4,99 

o,37 

4,98 

o,39 

4,98 

0,41 

5 

6 

5,99 

0,42 

5,98 

0,44 

5,98 

o,47 

5)98 

0,50 

6 

7 

6,98 

o,49 

6,98 

0,52 

6,98 

o,55 

6)97 

0,58 

7 

8 

7,98 

0,56 

7,98 

o,59 

7,98 

0,63 

_ 7)97 

0,66 

8 

9 

8,98 

0,63 

8,98 

0,67 

8,97 

0,71 

8)97 

o,75 

9 

IO 

9,98 

0,70 

9,97 

o,74 

9,97 

0,78 

9,97 

0,83 

10 

ii 

10,97 

0,77 

10,97 

0,82 

10,97 

0,86 

10,96 

°,9T 

11 

12 

11,97 

0,84 

n,97 

0,89 

11,96 

0,94 

11,96 

0,99 

12 

13 

12,97 

0,91 

12,96 

0,96 

12,96 

1,0.2 

12,96 

1,08 

13 

14 

*3  >9  7 

0,98 

13,96 

1,04 

i3,96 

1,10 

13,95 

1,16 

14 

15 

14,96 

1,05 

14,96 

I, Ji 

14,95 

1,18. 

14,95 

1,24 

15 

16 

15, 9  6 

1,12 

15,96 

1,19 

15,95 

1,26 

15,95 

1,32 

16  - 

17 

16,96 

1,19 

16,95 

1,26 

16,95 

i,33 

16,94 

1,41 

17 

18 

17,96 

1,26 

17,95 

D33 

17,94 

1,41 

17,94 

i,49 

18 

19 

18,95 

i,33 

18,95 

1,40 

18,94 

1,49 

18,93 

1,57 

19 

20 

T9>95 

1,40 

19,95 

1,48 

19,94 

L57 

19,93 

1,66 

20 

21 

20,95 

1,46 

20,94 

1,56 

20,94 

1,65 

20,93 

1,74 

21 

22 

21,95 

D53 

21,94 

1,63 

2i,93 

1,73 

21,92 

1,82 

22 

S3 

22,94 

1,60 

22,94 

1,70 

22,93 

1,80 

22,92 

1,90 

23 

24 

23,94 

1,67 

23,93 

1,78 

23,93 

1,88 

23,92 

i,99 

24 

25 

24,94 

1,74 

24,93 

1,85 

'  24,92 

1 ,96 

24,91 

2,07 

25 

26 

25,94 

1,81 

25,93 

D93 

25,92 

2,04 

25,9! 

2,15 

26 

27 

26,93 

1,88 

26,93 

2,00 

26,92 

2,12 

26,91 

2,24 

27 

28 

27193 

1,95 

27,92 

2,08 

27,91 

2,20 

27,90 

2,32 

28 

29 

28,93 

2,02 

28,92 

2,15 

28,91 

2,28 

28,90 

2,40 

29 

30 

29  93 

2,09 

29,92 

2,22 

29,91 

2,351 

29,90 

2,48 

30 

3i 

30,92 

2,16 

30,9 1 

2,30 

3°, 9° 

2,43 

30,89 

2,57 

31  : 

3* 

31,92 

2,23 

3D9i 

2,37 

3  *,9° 

2,51 

3L-89 

2,65 

32 

33 

32,92 

2,30 

32,91 

2,45 

32,9c  2,59 

32,8^ 

2,73 

33 

34 

33, 92 

2,37 

33, 91 

2,52 

33,9° 

2,67 

33,88 

2,82 

34 

35 

34, 91 

2,44 

34,9° 

;  2,59 

34,89 

2,75 

34,88 

2,90 

35 

36 

35,9 1 

2,5 1 

35,9° 

2,67 

35,89 

2,82 

35,88 

2,98 

36 

37 

36,91 

2,58 

36,90 

2,74 

36,89 

2,90 

36)87 

3,o6 

37 

38 

37,91 

2,65 

37,9° 

2,82 

37,88 

2,98 

37)87 

3,15 

38 

39 

38,9° 

2,72 

38,89 

2,89 

38,88 

3,o6 

38)87 

3,23 

39 

40 

39,90 

2579 

39,89 

2,96 

39,88 

3,14 

39,86 

3,3 1 

40 

41 

40,90 

2,86 

40,89 

3,°4 

40,87 

3)22 

40,86 

3,40 

41 

42 

41,90 

2,93 

41,88 

3>ri 

41,87 

3)30 

41,86 

3,48 

42 

43 

42,90 

3,oo 

42,88 

3,T9 

42,87 

3)37 

42,85 

3,56 

43 

44 

43,89 

3,o7 

43,88 

3,26 

43,86 

3)45 

43)85 

3)rM 

44 

45 

44,89 

3,i4 

44,88 

3,33 

44,87 

3)53 

44,85 

3,73 

45 

46 

45,89 

3,21 

[45,87 

3,41 

45,86 

3  >6 1 

45)84 

3 ,8 1 

46 

47 

46,89 

3,28 

.46.87 

3,48 

46,86 

3)69 

46^84 

-3)89 

47 

48 

47,88 

3,35 

47,87 

3,56 

47,8/ 

0)7  / 

47,84 

3,9  7 

48 

49 

48,88 

3,42 

48,87 

3,63 

48,85 

3)84 

48)83 

4,06 

49 

50 

49,88 

3,49 

69,-86 

3,7i 

49,8/ 

3)92 

49,83 

4,T4 

50 

d 

Dep. 

Lat. 

Dep. 

1  Lat. 

j  Dep  jf.  Lat. 

[  Dep 

J  Lat. 

cd 

a 

86  Deg; 

Deg* 

!  8ci 

(  J  x 

Deg- 

1  P  ri 

Deg. 

a 

1_ 2 

TRAVERSE  TABLE. 


iq 


!r~ 


d 

4  Deg- 

• 

Lat  • 

Dep. 

51 

5:0,88 

3,56  i 

52 

51,87 

3,63  J 

53 

52,87 

3,7-0  i 

54 

53,87 

3,77  < 

55 

54,87 

3,84  . 

56 

55,86 

3,9J 

57 

56,86 

3>98 

58 

57,86 

4,05 

59 

58,86 

4,12 

60 

59,85 

4,i9 

61 

60,85 

4,26 

62 

61,85 

4,32 

63 

62,85 

4>39 

64 

63,84 

4,46 

65 

64,84 

4,53 

66 

65,84 

4,60 

67 

66,84 

4,67 

68 

67,83 

4,74 

69 

68,83 

4,81 

70 

69,83 

4,88 

7i 

70,83 

4,95 

72 

71,82 

5,02 

73 

72,82 

5,09 

74 

73,82 

5,16 

75 

74,82 

5,23 

76 

75,8i 

5,30 

77 

76,81 

5,37 

78 

77,8i 

5,44 

79 

78,81 

5,5i 

80 

79,81 

5,58 

81 

80,80 

5,65 

82 

81,80 

5,72 

83 

82,80 

5,79 

84 

83,80 

5,86 

85 

84,79 

5,93 

86 

85,79 

6,00 

87 

86,79 

6,07 

88 

87,75 

6,14 

89 

88,7^ 

6,21 

90 

89,7* 

6,28 

91 

90,7* 

6,3  5 

92 

9I»7* 

6,42 

93 

92,75 

6,49 

94 

93,7; 

6,56 

95 

94,75 

6,63 

96 

95,7' 

6,70 

97 

96,  It 

6,77 

98 

97,7' 

6,84 

99 

98,7^ 

6,91 

100 

99,76 

6,98 

ct5 

Dep 

Lat. 

A 

86  Deg. 

4t  Deg- 


Lat. 


Dep. 


3,78 

3,85 

3.93 

4,0° 

4,08 

4>I5 

4,22 

4,30 

4,37 

4,45 


60.83 

61.83 

62.83 

63.82 

64.82 

65.82 

66.82 

67.81 

68.81 

69.81 


70.80 

71.80 

72.80 

73.80 

74.79 

75.79 

76.79 

77.79 

78.78 

79.78 


80.78 

81.78 

82.77 

83.77 

84.77 

85.76 

86.76 

87.76 

88.76 
89,75 


9°, 75 
9J,75 

92.74 

93.74 

94.74 

95.74 

96.73 

97.73 

98.73 
99,73. 
Dep. I 


85-}  Deg. 


4i  Deg- 

Lat. 

Dep.  J 

50,84 

4,oo  5 

51,84 

4,08  5 

52,84 

4,16  5 

53,83 

4,24  5 

54,83 

4,32  5 

55,83 

4,39  5 

56,82 

4,47  5 

57,82 

4,55  j 

58,82 

4,63  i 

59,82 

4,71  1 1 

60,81 

4,79 

61,81 

4,86 

62,81 

4,94 

63,80 

5,02 

64,80 

5,10 

65,80 

5,18 

66,79 

5,26 

[  67,79 

5,34 

68,79 

5,4i 

)  69,78 

5,49 

>  70,78 

5,57 

\  71,78 

5,65 

1  72,77 

5,73 

*  73,77 

5,8i 

>  74,77 

5,88. 

3  75,77 

5,96 

i  76,76 

6,04 

8  77,76 

6,12 

5  78,76 

6,20 

3  79,75 

6,28 

0  80,75 

6,36 

8  81,75 

6,43 

5  82,74 

6,51 

3  83,74 

6,59 

0  84,74 

6,67 

7  85,73 

6,75 

5  86,73 

6,83 

2  87,73 

6,90 

0  88,73 

6,98 

7  89,72 

7,06 

4  90,72 

7,i4 

2  91,72 

7,22 

9  92,7! 

7,30 

7  93,71 

7,3s 

4  94,71 

7,45 

1  95, 7C 

>  7,53 

9  96,7c 

^ , 

6  9  7,  /  c 

>j  7,69 

4  98,65 

>!  7,77 

1  99,6s 

>:  7,85 

Dep.!  Lat.  j 

85-i  Deg.  j 

Dcg- 

Lat.  .  Dep 


d 

►— *  • 

f¥» 

• 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


70,76 

71.75 

72.75 

73.75 

74.74 

75.74 

76.74 

77.73 

78.73 

79.73 


80.72 

81.72 

82.71 

83.71 

84.71 

89.70 

86.70 

87.70 

88.70 
89,69 


5,22 

5,3° 

5.38 
5,47 
5,55 
5,63 
5,7i 
5,8o 

5,88 

5.96 

6,04 

6,13 

6,21 

6.29 

6.38 
6,46 
6,54 
6,62 

6^71 

6,79 

6,87 

6.96 
7,04 
7,12 
7,20 

7.29 
7,37 
7,45 


61 

62  \ 

63 

64 

65 

66 

67 

68 

69 

70 


90,69 

91.68 

92.68 

93.68 

94.67 

95.67 

96.67 

97.66 

98.66 

99.66 

Dep. 

85i  Deg.]  Q 


7,54 

7,62 

7,70 

7,78 

7,87 

7,95 

8,03 

8,12 

8,20 

8,28 


71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

17 

82 

83 

84 

85 

86 

87 

88 
89 

9° 

91 

92 

93 

94 
95' 

96 

97 

98 

99 
lico 


Lat. 


It 


TRAVERSE  TABLE. 


0 

5I)eg- 

5i  Dest- 

5i  Deg. 

Si  Deg. 

U 

PP 

• 

Lat; 

DeP. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

rP 

I 

1,00 

0,09 

1,0c 

0,09 

1,00 

0,10 

o,99 

0,10 

I 

2 

1  j99 

0,17 

L99 

0,18 

I,99 

0,19 

1,99 

0,20 

2 

o 

D 

2,99 

0,26 

2,99 

0,27 

2,99 

°,29J 

2,98 

0,30 

3 

4 

3,98 

o,35 

3,98 

o,37 

3,98 

0,38 

3,98 

0,40 

4 

5 

4,98 

o,44 

4,98 

0,46 

4,98 

0,48 

4,97 

0,50 

5 

6 

5,98 

0,52 

5,97 

o,55 

5,97 

0,58 

5,97 

0,60 

6 

7 

6,97 

0,61 

6,97 

0,64 

6, 97 

0,67 

6,96 

0,70 

7 

8 

7,97 

0,70, 

7,97 

o,73 

7,96 

0,76, 

7,96 

0,80 

8 

9 

8,97 

0,78 

8,96 

0,82 

8,96 

0,86 

8,95 

0,90 

9 

IO 

9,96 

0,87 

9,96 

0,92 

9,95 

0,96 

9,95 

1,00 

10 

ii 

10,96 

0,96 

10,95 

1,01 

10,95 

1,05 

10,94 

1,10 

11 

12 

n,9.5 

1,05 

n,95 

1,10 

11,94 

1,15 

I  I?Q4 

1,20 

12 

*3 

12,9.5 

1 2, 95 

M9] 

1,25 

12,93 

I,3° 

*3 

14 

I3,9i 

1,22 

13,94 

1,28 

J3,94 

i,34 

x3,93 

1,40! 

14 

15 

14,94 

i,3i 

14,94 

1,37 

14,93 

1,44 

14,92 

1,50; 

15 

16 

15,94 

i,39 

15,93 

1,46 

15,93 

i,53 

x5,92 

1,60' 

16 

17 

16,94 

1,48 

16,93 

1,56 

16,92 

1,63 

16,91 

1, 70! 

17 

18 

17,93 

i,57 

17,92 

i/>5 

17,92 

1, 73l 

I7,9I 

i,8oj 

18 

19 

18,93 

1,66 

18,92 

l-,74] 

18,9.1 

1,82 

18,90 

1,90, 

*9 

20 

19,92 

i,74 

19,92 

1,83 

19,91 

1,92 

19,90 

2,00, 

20 

21 

20,92. 

1,83 

20,91 

1,92 

20,90 

2,01 

20,89 

2,10 

21 

22 

21,92 

1,92 

21,91 

2,01 

21,90 

2,11 

21,89 

2,20( 

22 

23 

22,91 

2,oo 

22,90 

2,10 

22,89 

2,20 

22,88 

2,30’ 

23 

23,9! 

2,09 

23,9° 

2', 20 

23,89 

2,30 

23,88 

2,40 

24 

25 

24,9c 

2,18 

24,90 

2,29 

24*88 

2,40 

24,87 

2,50 

25 

26 

25,9° 

2,27 

25,89 

2,38 

25,88 

2,49 

25,87 

2,6o 

26 

27 

26,90 

2,35 

26,89 

2,47 

26,88 

2,59 

26,86 

2,71 

27 

28 

27,89 

2,44 

27,88 

2,56 

27,87 

2,68 

27,86 

2,8l 

28 

29 

28,89 

2,53" 

28,88 

2,65 

28,87 

2,78 

28,85 

2,91 

29 

3° 

29.89 

'2,61 

29,87 

2,75 

29,86 

2,88 

29,85 

3,oi 

30 

3i 

30,88 

2,7c 

30,87 

2,84 

30,86 

2,97 

30,84 

3jH 

31 

32 

3x,88 

2,79 

31,87 

2,93 

3L85 

'  3,07 

3-x,84 

3,21 

32 

33 

32,87 

2,88 

32,86 

3,02 

32,85 

3,i6 

3‘2,83 

3,3i 

33 

34 

33,87 

2,96 

33,86 

3,ii 

33,84 

3,26 

33,83 

3,4i 

34 

35 

34,87 

3,05 

34,85 

3,20 

•34,84 

■  3,35 

34,82 

3,5i 

35 

36 

35,86 

3j4 

35,85 

3,20 

35:83 

3,45 

35,82 

3,6i 

36 

37 

36,86 

3,22 

36,84 

3,39 

36,83 

3,55 

36,81 

3,7i 

37 

38 

37,86 

3,3i 

37,84 

3,48 

37,8.3 

3,64 

37,8i 

3,8i 

38 

39 

38,85 

3,40 

38,84 

3,57 

38,82 

3,74 

38,80 

3,9* 

39 

40 

39,85 

3,49 

39,8.3 

3,66 

39,82 

39,8o 

4,01 

40 

41 

40,84 

3,57 

40,83 

3,75 

40,81 

3,93 

40,79 

4,1.1 

41 

42 

41,84 

3,66 

41,82 

3,84 

41,81 

4A3 

41,79 

4,21 

42 

43 

42,84 

3,75 

42,82 

3,93 

42,80 

.4,12 

42,78 

4,3i 

43 

44 

43,83 

3,83 

43,82 

4,03 

43,8o 

4,22 

43,78 

4,4i 

44 

45 

44,8;, 

3,92 

44,81 

4,12 

44,79 

4,3i 

44,77 

4*5 1 

45 

46 

45,8.2 

4,01 

45,8i 

4,21 

45,79 

4,4i 

45,77 

4,61 

46 

47 

46,82 

4,10 

I  46,80 

4,30 

46*78 

4,70 

46,76 

4,71 

47 

48 

47.82 

4,18 

4  7,8o 

4,39 

47,78 

4,60 

47,76 

4,8t 

48 

49 

48,81 

4,27 

4  8-, 7  9 

4,48 

48,77 

4,70 

4.2,75 

4,9 1 

49 

5.0 

•49,81 

4,36 

•49,79 

4,58 

49,77 

4,79 

49,75 

5,oi 

50 

d  . 

Dej) 

Lat. 

Dtp. 

!  Lat. 

Dep. 

Lat. 

Dep. 

L?i. 

d 

Q 

85  Deg. 

00 

■H'-W 

Deg. 

O 

84I 

Deg. 

«4i 

Deg. 

P 

Ug»^i 


TRAVERSE  TABLE. 


is 


d  ! 

5  Deg*  r 

Si  Deg- 

5i  £>eg- 

St  Beg. 

G 

*—  • 

P  i 

Lat. 

DeP- 

Lat 

Dep. 

Lai. 

Dep. 

Lat. 

Dep. 

h 

• 

51  ! 

5°, 8 1 

4,44 

50,79 

4,6 1 

50,77 

4,89 

50,74 

5,22 

51 

52 

51,80 

4,53 

5L78 

4,76 

5L76 

4,98 

51,74 

5)21 

52 

53 

52,80 

4,62 

52,78 

4,85 

52,76 

5,°Sj| 

52,73 

5)32 

53 

54 

53,79 

4,71 

53,77 

4,94 

53,75 

5,i8 

53)73 

5,4i 

54 

55 

54,79 

4,79 

54,77 

5,03 

54,75 

5*27 

54,72 

5)5i 

55  1 

56 

55,79 

4,88 

55,77 

5,12 

55,74 

5*37 

55,72 

5,6i 

56  I 

57 

56,78 

4,97 

56,76 

5,22 

56,)  4 

5>46 

56,71 

5,7i 

57 

58 

57,78 

5,o6 

57,76 

5,31 

57,73 

5*56 

57,72 

5)8i 

58 

59 

58,78 

5,14 

58,75 

5,40 

58,73 

5?6c 

58,70 

5,9i 

59 

60 

59,77 

5:23 

59,75 

5,49 

59,72 

5,75 

59,70 

6,01 

60 

61 

60,77 

5,32 

60,74 

5,58 

60,72 

5j8j 

60,69 

6)ii 

61 

62 

61,76 

5,40 

61,74 

5,6  7 

,61,71 

5,94 

61)69 

6)21 

62 

63 

62,76 

5,49 

62,74 

5,76 

62,71 

6,04 

62,68 

6,32 

63 

64 

63,76 

5,58 

63,73 

5,86 

63*71 

6,13 

63,68 

6,41 

64 

65  ‘ 

64,75 

5,67 

64,73 

5,95 

64,70 

6,23 

64,67 

6)52 

65 

66 

65,75 

5,75 

65,72 

6,04 

65*70 

6,33 

65)67 

6)61 

66 

67 

66,75 

5,84 

66,72 

6,13 

66,69 

6)42 

66,66 

6)71 

67 

68 

67,74 

5,93 

67,71 

6,22 

67,69 

6,5  2 

67,66 

6)81 

68 

69 

68,74 

6,01 

68,71 

6,31 

68,68 

6,61 

68,65 

6)91 

69 

70 

69,73 

6,10 

69,71 

6,41 

69,68 

6,71 

69,65 

7)Oi 

70 

7i 

70,73 

6,19 

70,70 

6,50 

70,67 

6,3i 

70,64 

7)22 

72 

72 

71,73 

6,28 

71,70 

6*59 

71,67 

6,90 

71,64 

7)21 

72 

73 

72,72 

6,36 

72,69 

6,68 

72,66 

7,00 

72,63 

7,32 

73 

74 

73,72 

6,45 

73,69 

6,77 

73,66 

7)09 

73,63 

7,4i 

74 

75 

74,71 

6,54 

74,69 

6,86 

74,65 

7,29, 

74,62 

7)52 

75 

76 

75,71 

6,62 

75,68 

6,95 

75,65 

7,28 

75,62 

7,61 

76 

77 

76,71 

6,71 

76,68 

7,o  5 

76,65 

7)38 

76,61 

7)7i 

7Z  i 

78 

77,70 

6,80 

77,67 

7,14 

77,64 

7,48 

77,61 

7,81 

78 

79 

78,70 

6,89 

78,67 

7,23 

78,64 

7,57 

78,60 

,7)92 

79 

80 

79,70 

6,97 

79,66 

7,32 

79,63 

7,67 

79,60 

8,02 

80 

81 

80,69 

7,06 

8o,6( 

7,4i 

80,63 

7)76 

80,59 

8,12 

81  : 

82 

81,69 

7,15 

81,66 

7,50 

81,62 

7)86 

82,59 

8,22 

82 

83 

82,68 

7,2  3 

82,63 

7,59 

82,62 

7)96 

82,58 

8)32 

83 

84 

83,63 

7,32 

83,63 

7,69 

83,61 

8,05 

83,58 

8,42 

84 

85 

84,68 

7,41 

84,64 

7,78, 

84,61 

8)15 

m_84,57 

8,52 

85 

86 

85,67 

7:50 

8?  ,6^ 

7,87 

85,6c 

8,24 

85,57 

8,62 

86 

87 

86,67 

7,58 

86,64 

7,96 

y  86,6o 

8)34 

86,56 

8,72 

87 

88 

87,67 

7,67 

87,65 

8,05 

87,59 

8,44 

87,56 

8,82 

88 

89 

88,66 

7,76 

88,63 

8,14 

88,59 

8)53 

38,55 

8,72 

89 

90 

89,66 

7,84 

89,62 

8,24 

89,59 

8,63 

89?55 

9,02 

9° 

91 

90,65 

7,93 

90,62 

8,33 

90,58 

8,72 

99)54 

9)22 

91 

92 

91,65 

8,02 

91,61 

8,42 

92,58 

8,82 

92,54 

9,22 

92 

93 

92,65 

8,11 

92,61 

8,51 

1  92,57 

3,92 

9  2 ,53 

9)32 

93  - 

94 

93,64 
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2,91 

13,68 

2,97 

13,67 
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15 

16 
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16 

17 
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3,53 
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17 

18 
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18 
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20 

19,56 

4,16 

19,54 

4,24 

*9,53 
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21 
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5,6i 

26,39 

5,73 

26,36 

5)84 

26,33 
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I4>50 

165*35 

*4,79 

67 

68 

66,51 

14,14 

66,45 

14,43 

66,39 

14,74 

66,32 

15,01 

68 

60 

67*49 

14,35 

67,43 

14,64 

67,36 

14,93 

67,30 

15,43 

69 

70 

68,47 
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5,83 

1,40 

5,85 

1,4.: 

6 

7 

6,82 

1,57 

6,8 1 

1,60 
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.52338 

16,77 

55  \ 

53,4i 

16,84 

53*33 
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17,09 

5*64 

17,07 

5>  7i 

17,04 

5,79 

18 

19 

18,07 

5,87 

t8,o4 

5,95 

18,02 

6,03 
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52,16.1 
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7,30 
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56 

57 
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7,61 

54,i3  17,85 
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57 

58 
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7,92 
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[8,64 

58 

59 
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8,23 
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18,72 
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59 

60 
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56,82 
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60 

61 
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6a 
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62 

63 
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63 

64 
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19,78 
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60,60 

20,57 

64 

65 
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67 
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67 

68 
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68 

69 
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69 

70 
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70 

71 
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67,33 
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67,23 
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7i 

7* 

68,48 
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68,28 
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72 

73 

69,43 
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69,23 
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69,13 
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73 

74 
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22,87 
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23,79 

74 

75 
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75 

76 
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76 

77 
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23,79 
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77 

78 
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24,10 
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78 

79 

75,i3 
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79 

80 
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80 

81 
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76,81 
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81 

8a 
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82 

83 
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83 

84 
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79,66 
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84 

85 
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80,72  26,62 
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26,97 

80,49 

27,32 

85 

86 

81,79 

26,58 

81,67  26,93 

81,56 

27,29 
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27,64 

86 

87 

82,74 

26,88 

82,62  27,25 

82,5c 

27,61 

82,38 

27,97 

87 

88 
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27,19 

83,57  27,56 
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8.3,33 
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88 

89 
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27,50 
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28,24 
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28,61 

28,93 

89 

90 
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27*81 
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90 

9i 
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91 
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92 

93 
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)  29,51 
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93 

94 
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91,0- 

1  30,46 

90,9] 

30,8^ 

,  96 

97 
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29,97 

92,12  30,38 
93,07  30,69 
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98 
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99 
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0,94 
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1,89 
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0 ,66 

1,89 

0,67 
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2 

3 

2,84 

0,98 

2,83 

0,99 

2,83 
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3 

4 
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3,78 
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3,77 

i,34 
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4 
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4,72 

1,65 

4,7i 
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4,7i 

1,69 

5 
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5,66 

2,00 
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6 
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6,61 
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8 
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2,93 
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3,04 
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f  IO 

9,46 
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3.96 
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12 

13 
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14 
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14,18 
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15 

16 
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5  >3  4 
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5,41 

16 

17 

16,07 
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16,05 
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17 

18 

17,02 

5,86 

16,99 
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18  * 
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17,96 

6,19 
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6,26 
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17,88 

6,42 

19 
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18,91 

6,51 

18,88 

6,59 
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6,68 
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20 
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6,92 

19,80 
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19,76 

7,io 

21 
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25 
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25 

26 

24,58 
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24,55 

8,57 

24,51 

8,68 
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8,79 

26 

27 

25,53' 

8,79 

25,49 

8,90 

25,45 
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9,12 

27 

28 
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9,12 

26,43 
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9,46 
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29 
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9,56 
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9,80 

29 

30 
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9,77 
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9,89 
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30 

31 

29,3  if  10,09 
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31 

32 
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30,16 
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32 

33 
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33 

34 
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32,00 
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34 

35 
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32,99 
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11,83 

35 

36 

34,04 
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12,02 
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36 

37 
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37 

38 
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41 
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39,53 

14,19 

42 

43 

40,66 
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53 
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52,95 

18,23 

52,87 
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57 
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59 
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62 
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25,06 

77 

72,80 
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81 
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82 
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84,97 
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91 
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30,33 

93 
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87,80 

30,66 

94 
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30,60 

88,74 
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95 

89.82 
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31,65 

97 
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52 
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17,91 
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54 
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55 
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18,69 
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56 
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19,26 

57 

54,67 

19,36 
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19,60 

58 

55,62 

19,69 

55,53 

19,94 

59 

56,56 

20,03 

56,47 

20,27 

60 

57,50 

20,36 

57,41 

20,61 

61 

58,44 

20,70 

58,35 
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62 

59,39 

21,03 
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21,29 

63 

60,33 

21,36 

60,24 

21,63 

64 

61,27 

21,70 

61, iS 

21,96 

6.5 

62,21 

22,03 

62,1? 

22,30 

66 

63,16 

22,37 
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22,64 

67 

64,10 

22,70 

64,0c 
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68 

65,04 

23*03 

64,94 

23,32 

69 

65,98 

23,37 
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7° 
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23,70 
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23,99 

71 
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24,03 

67,76 
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72 

68,81 
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24,67 

73 

69,76 
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74 
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75 
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26,04 
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85 
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87 
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Deg. 

3  °l  Deg. 

a  j 

p  ! 

, 

2 

3 

.  4 

5 

6 

7  i 

8 

9 

10 

Lat. 
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12,00 

20,73 
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6,90 

45,55  3 
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40,90 

80 

1  81 
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81 

I  82 
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82 
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45,50 

jl  78,63 

45,84 

78,41 

46,19 

78,23 
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8,57 
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.10 

ii 
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9,40 
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12,86 
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14,53 

8,82 
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16,60 

27,28 

16,72 

27,21 

16,84 

32 

33 

28,29 

17,00 

28,21 

17,12 

28,14 

17,24 

28,06 

17,37 

33 

34 

29,14  17,51 

29,07 

17,64 

28,99 

17,76 

28,91 

17,89 

34 

35 

30,00 

18,03 

29,92 

18,16 

29,84 

18,29 

29,76 

18,4  a 

35 

36 

30,86  18,54 

30,78 

18,68 

30,70 

18,81 

30,61 

18,94 

06 

•  37 

3r,72 

19,06 

31,63 

19,19 

3i,55 

19,33 

31,46 

19,47 

37 

38 

32,57 

T9,57 

32,49 

19,71 

3h  4° 

r9,8c 

32,31 

20,00 

38 

39 

33,43 

20,09 

33,34 

20,23 

33,25 

20,38 

33,i6 

20,52 

39 

40 

34,29 

20,60 

34,20 

20,75 

34,ii 

20,90 

34,oi 

21,05 

,  40 

4t 

3544 

21,12 

35P5 

21,27 

34,96 

21,42 

34,86 

21,57 

41 

42 

36,00 

21,63 

35,91 

21,79 

35,8i 

21,94 

35,71 

22,10 

42 

43 

36,86 

22,15. 

36,76 

22,31 

36,66 

22,47 

36,57 

22,63 

43 

44 

37,72 

22,66 

37,62 

22,83 

37,52 

22,99 

37,42 

23,15 

44 

45 

38v57 

23,18 

38,47 

23,34 

38,37 

23,51 

38*27 

23,68 

45 

46 

39,43 

23,69 

39,33 

23,86 

39>22 

24,03 

39,12 

24,21 

46 

47 

40,29 

*4,21 

40,18 

24,38 

40,07 

24,56 

39,97 

24*73 

47 

48 

4i,i4 

24,72 

41,04 

24,90 

40,93 

25,08 

40,82 

25,26 

48 

49 
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41,89 

25,42 

4L78 

25,60 
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44,57 
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53 

45,43 

27,30  4 

54 

46,29 

27,8l  4 

55 

47,I4 

28,33  4 

56 

48  00 

28,84  4 

57 

48,86 

29,36  4 

58 

49,72 

29,87  ^ 

59 

50,57 

30,39  -5 

60 

51,43 

30,90  i 

61 

52,29 

3L42  6 

62 

53,  *4 

31,93  * 

63 

54,00 

32,45  . 

64 

54,86 

32,96  . 

65 

55,72 

33,48  . 

66 

56,57 

33,99  * 

67 

5  7,43 

34,51 

68 

58,29 

35,02 

69 

59, J4 

35,54 

70 

60,00 

36,05 

71 

60,86 

36,57 

72 

61,72 

37,o8 

73 

62,57 

37,6o 

74 

63,43 

38,11 

75 

64,29 

38,63 

76 
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77 

66,00 

39,66 

78 

66,86 

40,17 

79 

67,72 

40,69 

80 

68,57 
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i 

81 

69,43 

41,72 

82 

70,29 

42,23 

83 

71, T4 

42,75 

84 

72,00 

43,26 

85 

72,86 

43,78 

86 

73,72 

44,29 

87 

74,57 

44,81 

88 

75,43 

45,32 

89 

76,29 

45,84 

90 

77,15 

46,35 

91 

78,0c 

46,87 
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-78,86 

47,38 

93 

79,72 

47,90 

94 

80,57 

48,41 

95 

8i,45 

48,93 

96 
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97 

83,15 
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98 
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99 
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44,34 
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48,60 
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27,1.7 

27,69 

28,21 
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29,26 
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69,25 
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71,81 

72,6 
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74,38 
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37,87 

38,39 
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54,57 
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56,27 
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58,83 
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45,65 
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82,93 
83,78 
84,64 
85,49(51,88 


Dep. 


32,92 
3  3  >44 
33>  96 
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53 
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55 
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56 
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58 

50,17 

31,05 

59 
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60 
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61 
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62 
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63 
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64 
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65 
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66 
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35,26 

67 

57,82 
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68 

58,67 
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69 
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70 

60,37 
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7i 
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72 
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73 

62,93 
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74 
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75 

64,63 
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76 

65,48 

40,52 

77 
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78 

67,18 
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79 

68,03 

42,10 

80 
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81 

69,73 
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70,58 
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83 
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44,20 

84 
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85 
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46,31 

88 
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89 
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9° 
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91 

1  78,23 

48,41 

92 
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48,94 

93 
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49,47 

94 
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95 

5  81,63 
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96 
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I 

0,85 

o,53 

0,85 

o,53 

0,84 

o,54 

0,84 

0,54 

I 

2 

1,70 

1,06 

1,69 

1,07 

1,69 

2,  07 

1,68 

1,08 

2 

3 

2,54 

2*59 

2,54 

1,60 

2,53 

1,61 

2,52 

1,62 

3 

4 

3  39 

2,12 

3,38 

2,13 

3,37 

2,15 

3  >36 

2,16 

4 

5 

4,24 

2,65 

4,23 

2,67 

4,22 

2,69 

4,22 

2,70 

5 

6 

5P9 

3,i8 

5,07 

3,20 

5,06 

3?22 

5,05 

3,25 

6 

7 

5.94 

3,7-1 

5,92 

3,74 

5,9° 

3>76 

5,89 

3*79 

7 

8 

6,78 

4,24 

6,77 

4,27 

6,75 

4>30j 

6,73 

4,33 

‘8 

9 

7  >63 

4,77 

7,61 

4,80' 

7,59 

4,84 

7,57 

4,87 

9 

10 

8,48 

5,30 

8,46 

5,34 

8,43 

5  >3  7 

8,41 

5,42 

10 

ii 

9’33 

5,83 

9,30 

r  O  m 

5,^7 

9,28 

5,9I 

9  >25 

5,95 

11 

12 

10,18 

6,36 

10,15 

6,40 

10,12 

6,45 

10,09 

6,49 

12 

13 

11,02 

6,89 

10,99 

6,94 

10,96 

6,98 

!  20,93 

7,03 

13 

14 

111,87 

7,42 

11,84 

7,47 

11, 81 

7,52 

12,77 

7,5  7 

14 

15 

12,72 

7,95 

12,69 

8,00 

12,65 

8,06 

12,62 

8,11 

15 

16 

113.57 

8,48 

13,53 

8,54 

13,49 

8,60 

23*46 

8,66 

16 

17 

14,42 

9,01 

14,38 

9,07 

14,34 

9>r3 

14*30 

9*20 

17 

18 

15,26 

9,54 

15,22 

9,61 

15,18 

9,67 

15*24 
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-18 

19 
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16,07 
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16,02 
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29 

20 

16,96 
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16,91 

10,67 

16,87 

10,75 
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20 

21 

17,81 

11,13 

17,76 

1 1 ,21 

'I7,7i 

11,28 

17,66 
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21 

22 

18,66 

11,66 

18,61 
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11*90 

22 

23 
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12,19 

19,45 

12,27 
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23 

24 

20,35 
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20,30 
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20,24 

12,90 

20,18 

12,98 

24 

25 

21,20 
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21,14 

13,34 

21,08 

23*43 

21,03 

13,52 

25 

26 

22,05 

13,78 

21,99 

13,87 

21,93 

x  3  >9  7 

22,87 

14*07 

26 

27 

22,90 

I4,3i 

22,83 

i4,4l 

22,77 

I4,5i 

22,71 

14*61 

27 

28 

23,75 

14,84 

23,68 

14,94 

23,61 

i5j°4 

23*55 

15*15 

28 

29 

24,59 

15,37 

24,53 

15,47 

24,46 

25*58 

24*39 

15*69 

29 

30 

25,44 

15,90 

25,37 

16,01 

25,30 

16,12 

25*23 

16,23 

30 

31 

26,29 

16,43 

26,22 

16,54 

26,15 

16,66 

26,0; 

16,77 

31 

32 

27,14 

16,96 

27,06 

17,08 

26,99 

i7ji9 

26,91 

17*31 

32 

33 

27,99 

17,49! 

27,91 

17,61 

27,83 

27,73 

27*75 

17*85 

0  ^ 

O  O 

34 

28,83 

18,02 

28,75 

18,14 

28,68 

18,27 

28,6c 

18,39 

34 

35 

29,68 

18,55 

29,60 

18,68 

29,52 

28,81 

29,44 

18*93 

35 

36 

30,53 

19,08 

39,45 

19,21 

30,36 

29*34 

30,28 

19,48 

36 

37 

31,38 

19,61 

31,29 

19,74 

31,21 

29,88 

32*22 

20,02 

37 

38 

32,23 

20,14 

32,14 

20,28 

32,05 

20,42 

31*96 

20,56 

38 

39 

33,07 

20,67 

32,98 

20,81 

32,89 

20,95 

32,80 

21,10 

39 

40 

33,92 

21,20 

33,83 

2i,34 

33,74 

21,49 

33*64 

21,64 

40 

41 

34,77 

21,73 

34,67 

21,88 

34,58 

22,03 

34,48 

22,18 

41 

42 

35,62 

22,26 

35,5  2 

22,41 

35,42 

22,57. 

35,32 

22,72 

42 

43 

36,47 

22,79 

36,37 

22,95^ 

36,27 

23,10 

36,26 

23,26 

43 

44 

37,3i 

23,32 

37,2i 

23,48 

37,u 

23,64 

37,oi 

23,80 

44 

45 

38,16 

23,85 

38,06 

24,01 

37,95 

24,18 

37,85 

24,34 

45 

46 

39,°x 

24,38 

38,90 

24, 551 

38,8c 

24,72 

38,69 

24,88 

46 

47 

39,86 

24,91 

39,75 

25,08 

39,64 

25  >35 

39*53 

25,43 

47 

48 

40,71 

25,44 

40,59 

25  61 

40,48 

25*79 

40,37 

25*97 

48 

49 

4i,55 

25,97 

4i,44 

26,15 

4L33 

26,33 

41,21 

26,51 

49 

50 
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42,29 

26,68 

42,17 
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2  7,05 

50 

• 

1  e: 

Dep.? 

Ijclt. 

Dep. 

i.at. 

Dep. 

I.at. 

Dep.j 

Lat. 

<d 

P 

5 8  Leg. 

57i  Deg. 

57i 

Deg. 

*  0 

574  Deg. 

3 

& 


TRAVERSE  TABLE 


6g 


ir*~ - 

0 

32  Deg. 

324 

Deg. 

32i 

Deg. 

32i 

Deg. 

• 

Lat. 

Dep. 

.Lat. 

Dep. 

Lat. 

Dep. 
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5 1 

43  >25 

27,03 

43,13 

27,21 

43,oi 

27,40 

42,89 

27,59 

51 

52 

44,ic 

27,56 

43,98 

27,75 

43,86 

27,94 

43,73 

28,13 

52 

53 

44,95 

28,09 

44,82 

28,28 

44,70 

28,48 

44,58 

28,67 

53 

54 

45,79 

28,62 

45,67 

28,82 

45,54 

29,01 

45,42 

29,31 

54 

55 

46,64 

29, r5 

46,51 

29,35 

46,39 

29,55 

46,26 

29,75 

55 

56 

47,49 

29,68 

47,36 

29,88 

47,23 

30,09 

47,io 

30,29 

56 

57 

48,34 

30,21 

48,21 

30,42 

48,07 

30,63 

47,94 

30,84 

5  7 

58 

49»I9 

30,74 

49,05 

3°,95j 

48,92 

31,16 

48,78 

3L38 

58 

59 

50,03 

31,27 

49,90 

3D48 

49,76 

31,70 

49,62 

3L92 

59 

60 

50,88 

31,80 

1  50,74 

32,02 

50,6c 

32,24 

50,46 

32,46 

60 

61 

5i,73 

32,33 

51,59 

32,55 

5i,45 

32,78 

51,30 

33,oo 

61 

62 

52,58 

32,85 

52,44 

33,o8 

52,29 

33,3i 

52,14 

33,54 

62 

63 

53,43 

33,38 

53,28 

33,62 

53,13 

33,85 

52,99 

34,o8 

63 

64 

54,28 

33.91 

54,13 

34,i5 

53,98 

34,39 

53,83 

34,62 

64 

65 

55, 12 

34,44 

54,97 

34,68 

54,82 

34,92 

54,67 

35,i6 

65 

66 

55,97 

34,97 

55,82 

35,22 

55,66 

35,46 

55,54 

35,70 

66 

67 

56,82 

35.50 

56,66 

35,75 

56,51 

36,00 

56,35 

36,25 

67 

68 

57,67 

36,03 

57,51 

36,29 

57,35 

36,54 

57,19 

36,79 

68 

69 

58,52 

36,56 

58,36 

36,82 

58,19 

37,07 

58,03 

37,33 

69 

70 

59,36 

37,09 

59,20 

37,35 

59,°4 

37,6i 

58,87 

37,87 

70 

7i 

60,21 

57,62 

60,05 

37,89 

59,88 

38,15 

|  59,71 

38,41 

7i 

72 

61,06 

38,15 

60,89 

38,42 

60,72 

38,69 

60,55 

38,95 

72 

73 

61,91 

38,68 

61,74 

38,95 

6i,57 

39,22 

61,40 

39,49 

73 

74 

62,76 

39,21 

62,58 

39,49 

62,41 

39,76 

62,24 

40,03 

74 

75 

63,60 

39,74 

63,43 

40,02 

63,25 

40,30 

63,08 

40,57 

75 

76 

64,45 

40,27 

64,28 

40,55 

64,10 

40,83 

63,92 

41,11 

76 

77 

65,3  c 

40,80 

65,12 

41,09 

64,94 

41,37 

64,76 

41,65 

77 

78 

66,15 

4i,33 

65,97 

41,62 

65,78 

41, 9 1 

65,60 

42,20 

78 

79 

67,00 

41,86 

66,81 

42,16 

66,63 

42,45 

66,44 

42,74 

79 

80 

67,84 

42,39 

67,66 

42,69 

67,4/ 

42,98 

67,28 

43,28 

80 

81 

68,69 

42,92 

68,50, 

43,22 

68,3-1 

43,52 

68,12 

43,82 

81  ' 

82 

69,54 

43,45 

69,33 

43,76 

69,16 

44,o6 

68,97 

44,36 

82 

83 

70,39 

43,98 

70,20 

44,29 

70,0c 

44,60 

69,81 

44,90 

83 

84 

71,24 

44,5i 

71,04 

44,82 

70,84 

45,i3 

70,65 

45,44 

84 

85 

72,08 

45,04 

71,89 

45,36 

71,69 

45,67 

7i,49 

45,98 

85 

86 

72,93 

45,57 

72,73 

45,89 

72,53 

46,21 

72,33 

46,52 

86 

87 

73,78 

46,10 

73,58 

46,42 

73,38 

46,75 

73,^7 

47,06 

87 

88 

74,63 

46,63 

74,42 

[6,96 

74,22 

47,28 

74,01 

47,61 

88 

89 

75,48 

47,16 

75,27 

47,49 

75,06 

47,82 

74,85 

48,75 

89 

90 

76,32 

47,69 

76,12 

48,03 

75,91 

18,36 

75,69 

48,69 

90 

91 

77,17 

48,22 

76,96 

48,56 

76,75 

48,89 

76,53 

49,-3 

9i 

92 

78,02 

48,75 

77, 8J 

49,09 

77,59 

49,43 

77,38 

49,77 

92 

93 

78,87 

49,28, 

78,65 

49,63 

50,16 

78,44 

49,97 

78,22 

50,31 

93 

94 

79,72 

49,81 

79,50 

7  9  >2 

.50,51 

79,06 

50,85 

94 

95 

80,56 

50,34 

80,34 

50,69 

80,12 

51,04 

79,90 

5D39 

95' 

96 

81,41 

50,87 

81,19 

51,23 

80,97 

5 1 ,5  8 

80,74 

51,93 

96  I 

97 

82,26 

5D40 

82,04 

51,76 

81,81 

52,12 

81,58 

52,47 

97 

98 

83  11 

5D93 

82,88 

52,29 

82,65 

•  2,66 

82,42 

53,02 

98 

99 

83,96 

52,46 

83,73 

52,83 

83,50 

53D9 

Q  0  9  A 
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67 
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7i 
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72 

56,74 
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73 
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74 
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76 

59.89 

46,79 

77 

60.68 

47, 41 

78 

61,46 
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48,64 

80 
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83 
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85 
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51,05 
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58,90 
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38,38 
3  9, 00 
39,62 
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49,30 
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57,13 

45,44 

57,9i 
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68,09 
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68,87 
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69,65 
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57,27 
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57,89 
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1,26 
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2,27 
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1,28 

2 

3 
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1,89 

2,32 

1,90 

2,31 

2,92 

2,31 

1,92 

3 

4 
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2,52 
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2,53 

3,09 

2,54 

3,o8 

2,56 

4 

5 

3,89 

3, IS 

3,8/ 

3,26 

3,86 

3,28 

3,84 

3,20 

5 

6 

4,66 

3,78 

4>6j 

3,8o 

4,63 

3,82 

4,61 

3,84 

6 

7 

5,44 

4,41 

5,42 

4,43 

5,40 
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5,38 

4,48 

7 

8 

6,22 
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6,17 
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6,15 

5,12 
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o 

6,99 

5,66 
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5,69 

6,94 

5,72 

6,92 

5,75 

9 

10 

7,77 

6,29 
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6,33 

7,72 

6,36 

7,69 

6,39 
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6,92 
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6,96 

8,49 
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8,46 

7,03 

11 

12 

9,33 

7,55 

9>29 

7,59 

9,26 

7,63 
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12 

13 
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8,23 
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8,27 

9,99 

8,31 

13 

14 

10,88 

8,81 
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8,92 
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14 

15 
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9,44 
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9,49 
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9,54 
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9,59 

*5 

16 
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12,30 
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16 

17 
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17 

18 
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ii,39 

13,89 
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18 

19 

14,77 
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14,71 
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14,66 
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14,61 
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*9 

20 
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15,49 

12,65 

15,43 
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12,79 

20 

21 
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23,29 
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22 
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22 
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24 

25 
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15,82 
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*5,99 

25 

26 
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26 

27 
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17,08 
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27 

28 
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21,68 

17,72 
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17,81 
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28 

29 
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18,35 
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29 

30 
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23,07 
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3° 

31 
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31 

32 
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32 

33 
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25, S5 
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33 

34 
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26,33 
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26,24 
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26,14 

21,74 

34 

35 

27,20 

22,03 

27,10 

22,14 

27,01 

22,26 

26,91 

22,38 

35 

36 

27,98 

22,66 

27,88 

22,78 

27,78 
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27,68 
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36 

37 

28,75 

23,28 

28,65 

23,41 

28,55 
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28,45 
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37 

38 
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29,32 
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38 

39 
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42 
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42 
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33,30 
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36,90 

30,69 

48 

49 

38,05 

3°, 84 

!  37,95 

31,00 

37,8i 

31, T7 

37,67 

3i,33 

49 

50 

Jit  ' 

38,85 

3i,47 

38,72 

31,64 

38,58 

31,80 

38,44 

3i,97 

5° 

I  « 

Dep 

Lat. 

|  Dep 

Lat. 

Dep 

Lat. 

Dep. 

Lat. 

lH 

51  Deg. 

1  5°i  Deg* 

5  oi 

Deg. 

5°t  Deg* 

0 

7lf=  -3 

TRAVERSE  TABLE. 


r3® 

1  0 

59  Beg. 

39t  Beg. 

39* 

Deg. 

39!  Beg. 

S> 

• 

Lat. 

Dep. 

Lat 

Dep 

L<it» 

Dep 

Lat.  1 

Dep. 

• 

5i 

39»63 

32,10 

39,49 

32,27 

39,35 

32,44 

39,21 

32,61 

51 

52 

40)4 1 

32,72 

40,27 

32,90 

40,12 

33,o8 
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43,98 

36,26 

43,82 

36,45 

57 
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39,86 

48,61 

40,07 

48,44 

40,28 

63 

64 

49,74 

40,28 

49,56 

40,49 

49:38 

40,71 

49,2.t 
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82 
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63,50 
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63,04 

52,43 

82 

83 
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53,07 

83 

84 

65,28 
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56,61 

68,43 

76,91 

89  | 

90 

69,94 

56,64 

69,7c 

56,94 

69,45 

57,25 

69,2c 

57,55 

9°  | 

91 

70,72 

57,27 

70,47 

57,58" 

70,22 

57,88 

69,96 

58,19 

91  i 

-  92 

71,50 

57,90 

71,24 

58,21 

70,99 

58,52 

70,73 

58,83 

92 

93 

72,27 

58,53 

72,02 

58,84 

71,76 

59, 16 

7i,5o 

59,47 

94 

73,05 

59, 16 

72,79 

59,47 

1  72,53 

59,79 

72,27 

60,11 

94 

95 

73)83 

59,79 

73,57 

60,1 1 

|  73,30 

60,43 

7  3  ,Q/ 

60,75 

95 

96 

74,61 

60,41 

74,34 

60,74 

74,08 

61,06 

73,8i 

6i,39 

96 

97 

75  58 

61,04 

75,12 

6i,37 

74,85 

61,70 

74,58 

)  h 

97 

.  98 

76,16 

61,67 

75,89 

62,01 

75,62 

62,34 

75,33 

62,66 

98 

99 

76,94 

62,30 

76,66 

62,64 

76,39 

62,97 

76,12 

'3,30 

99 

100 

77,7i 

62,93 

77,44 

63,27 

77,16 

63,61 

76,8? 

>3,94 

TOO 

cfcj 

Dep. 

Lat. 

Dep. 

Lat. 

Dep 

Lat. 

Dep 

Lat. 

Q 

rf  1 

51  Deg. 

Ti  M.-.'i.i  .-...?.,  ■■i 

5°l 

Dcg. 

50* 

Deg. 

5°  4 

Deg. 

5 

— 

8i 

fr= 
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40  Deg. 

4°i  DtS' 

pp 

• 

Lat.  i 
* 

Dep. 

Lat. 

Dep. 

I 

°>77j 

0,64 

0,76 

0,65 

2 

i?53 

1,29 

i,53 

1,29 

3 

2,30] 

1,93 

2,29 

l>94U 

4 

3  >°6j 

2,57  ■ 

3  AS 

2,58 

5 

3.83 

3,21 

3,82 

3,23 

6 

4,6oj 

3,86 

4,58 

3.88 

7 

5>36 

4,50 

5,34 

4,52 

8 

6,13 

5,14 

6,11 

5,17 

9 

6,89 

5,79 

6,87 

5,82 

10 

7  >66 

6,43 

7,63 

6,46 

11 

8,43 

7,07 

8,40 

7,ii 

12 

9>I9 

7,7i 

9,16 

7,75 

13 

9,96 

8,36 

9,92 

8,40 

14 

10,72 

9,oo 

10,69 

9,05 

15 

11,49 

9’61w 

n,45 

9,69 

16 

12,26 

10,28 

12,21 

10,341 

*7 

13,02 

10,93 

12,97 

10,98 

18 

1 3  >7  9 

ri>57 

13,74 

11,63 

19 

14,55 

12,21 

I4,5Q 

12,28 

20 

15,32 

12,86 

15,26 

12,92 

21 

16,09 

13,50 

16,03 

1 3 ,5  7  j 

22 

16,85 

14,14 

16,79 

I4,2i 

23 

17,62 

14,78 

17,55 

14,86 

24 

18,39' 

15,43 

18,32 

15,5* 

2  5 

I9>i5 

16,07 

19,08 

16,15 

26 

19,92 

16,71 

19,84 

16,80 

27 

20,68 

17,36 

20,61  17,45 

28 

21,45 

18,00 

2i,37 

18,09 

29 

22,22 

18,64 

22,13 

18,74 

30 

22,98 

19,28 

22,90 

19,38 

31 

23,75 

19,93 

23,66 

20,03 

32 

24JI 

20,57 

24,42 

■5.0,68 

33 

25,28 

21,21 

25,19 

21,32 

34 

26,05 

21,85 

2  5,95 

21,97 

35 

26,81 

•22,50 

26,71 

22,61 

36 

27,58 

23,14 

27,48 

23,261 

37 

28,34 

23,78 

28,24 

23,9* 

38 

29,11 

24,43 

29,00 

24,55 

39 

29,88 

25,07 

29,77 

25,20 

40 

30,64 

25,71 

30,53 

25,84 

41 

3i,4i 

26,35 

3M9 

26,49 

42 

32,17 

27,00 

32,06 

27,14 

43 

32,94 

27,64 

3  2, '82 

27,78  ' 

44 

33,71 

28,28 

33,58  28,43 

45 

34,47 

28,93 

34,35 

29,08 

46 

35,24 

29,5  7 

35,** 

29,72 

47 

36,0c 

30,21 

35,8/ 

*30,37 

48 

.>6,77 

30,85 

3(>/>4 

|3i,oi 

49 

37,54 

31,50 

37,40.131,66 

5° 

38,30 

■  32,14 

j  38,16 

j32,3* 

• 

ei ' 

Dep 

Dep 

1  Li\t. 

5° 

Deg. 

1  49i 

Deg. 

4oi:  Deg.  | 

4°t  Deg- 1 

Lat.  j 

Dep. 

Lat. 

Dep.J 

0,761 

0,65 

o,7 

0,65 

*,52j 

D30 

*,5  - 

1,3* 

2,28 

D95 

2,27 

1,96 

3,04 

2,60 

3A3 

2,61 

3  >80 

3A5 

3,79 

3,26 

4,56 

3,90 

4,55 

3,92 

5,32 

4,55 

5,3°: 

4,57 

6,08 

5,20 

6,06 

5,22] 

6,84 

5,84 

6,82 

5,87 

7,60 

6,49 

77.58 

6,53 

8,36 

7,T4 

8,33 

7,18 

9,12 

7,79 

9,°9 

7,83| 

9,89 

8j44 

9,85 

8,49 

10,65 

9,°9 

10,61 

9, *4 

11,41 

9,74 

11,36 

9,79 

12,17 

10,39 

12,12 

10,44 

12,93 

11,04 

12,88 

ii,io 

*3,69 

11,69 

13,64 

XI, 75 

14,45 

12,34 

*4,39 

12,40! 

15,21 

12,99 

I5,i5 

13,06 

*5,97 

*3,64 

*5,9 1 

I3,7I 

16,73 

14,29 

16,67 

14,36 

*7,49 

14,94 

17,42 

15,01 

18,25 

*5,59 

18,18 

15,67 

19, 01 

16,24 

18,94 

16,32 

*9,77 

16,89 

19,70 

16,97 

20,53 

17,54 

20,45 

17,62} 

21,29 

18,18 

21,21 

18,281 

22,05 

18,83 

21,97 

18,94 

22,81 

19,48 

22,73 

19,58 

23,57 

20,13 

23,48 

20,24 

24,33 

20,78 

24,2/ 

20,89 

25,09 

21,43 

25,00 

21,54 

25,85 

22,08 

25,76 

22,79 

26,61 

22,73 

26,51 

22,8c 

27,37 

23,38 

27,27 

23,50 

28,15 

24,03 

28,03 

24,  id 

28,90 

24,68 

!  28,79 

24,80 

29,66 

25,33 

29,54 

25,46 

30,42 

25,98 

30,3° 

26,11] 

31,18 

26,63 

3*  A 

26,76 

3L94 

27,28 

31,82 

27,42 

32,7c 

27,93 

32,58 

28,07] 

33,46 

28,58 

33,33 

28,72 

34,22 

29,23 

34,09 

29,37! 

34,98 

29,87 

34,85 

30,03 

35,74 

30,52 

35,6* 

30,68 

36,5c 

3D *7 

36,36 

3D33 

37M 

31,82 

37, *2 

31,99 

38,0: 

i  32,47 

37>  88 

32,64 

Dep 

.  Lat. 

Dep 

!  Lat. 

49i 

Deg. 
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Deg. 

M  • 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
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£r* 

I 


61 

62 

63 

64 

65 

66 

67 

68 

69 

70 


7i 

7* 

73 

74 

75 

76 

77 

78 

79 

80 


91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
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d 

H--* 

rP 

li 

52r 

53 

54 

55 

56 

57 

58 

59 

60 


81 

82 

83 

84 

85 

86 

87 

88 

89 

90 


40  Deg. 


Lat. 


39,°  7 


39,83  33)42 


40,60 

41,37 

42**3' 

42,90 

43,66 

44,43 

45,20t 


45,9638,57 


46,73 

47,49 

48,26 

49, °3 
49,79 
50,56 
51,32 

52,09 

52,86 

53,62 


54,39  45,64 


55,16 

55, 92 
56,69 

57,45 

58,22 

58,99 

59,75 

60,52 

61,28 


75,84 

76,60 


Dep 


Dep. 


32,78 


34,07 

34,7* 

35,35 

36,00 

36,64 

37,28 

37,92 


39,2i 

39)^5 

40,50 

41,14 

41,78 

42,42 

43,07 

43,7* 

44,35 

45,oo 


+6,28 

46,92 

47,57 

48,21 

48,85 

49,49 

70,14 

70,78 

7i,42 


62,0^ 

62,82 
63,58 
64,35 

65,11 

65,88 
66,65 
67,41 
68,18 
68,94 

69,71 
70,48 
71,24 
72,01 
72,77 
73,54 
74,31 
75,07  62,99 


72,07 

72,71 

53,35 

53,99 

74,64 

55,28 

75,92 

56,57 

57,2i 

57,85 


58,49 

59,14 

59,78 

60,42 

61,06 

61,71 

62,35 


63,64 

64,28 


Lat. 


50  Deg. 


4°t  Deg. 

4°t 

Deg. 

Lat. 

Dep. 

Lat. 

Dep. 

38,92 

32,95 

38,78 

33,12 

39)69 

33,6o 

39,54 

33,77 

40,45 

34,24 

40*30 

34,42 

41,21 

34,89 

41,06 

35,07 

41,98 

35,54 

41,82 

35,72 

42,74 

36,18 

42,58 

36,37 

43*50 

36,83 

43,34 

37,02 

44,2? 

37,48 

44, ?c 

37,67 

45,03 

38,12 

44,86 

38,32 

45,79 

38,77 

45,62 

38,97 

46,56 

39,4i 

46,38 

39,62 

47,32 

40,06 

47, *5 

40,27 

48,08 

40, 7* 

47,9* 

40,92 

48,85 

4L35 

48,67 

41,56 

49,61 

42,00 

49,43 

42,21 

50,37 

42,64 

50,19 

42,86 

5i,i4 

43,29 

50,95 

43,51 

51,90 

43,94! 

5i,7i 

44,16 

52,66 

44,58 

52,47 

44,81 

53,43 

45,23 

53,23 

45,46 

5449 

45,87 

53,99 

46,11 

54,95 

46,52 

54,75 

46,76 

55,72 

47, *7 

55,51 

47,4i 

56,48 

47,8i 

56,27 

48,06 

57,24 

48,46 

57P3 

48,71 

58,01 

49,11 

57,79 

49,36 

58,77 

49,75 

58,55 

50,01 

59,53 

50,40 

59,3i 

50,66 

60,30 

5  *,04 

60,07 

5D3i 

61,06 

5**69 

60,83 

5D96 

61,82 

52,34 

6i,59 

52, 6r 

62,59 

52,98 

62,35 

53,25 

63,35 

53,63 

63,11 

53,9° 

64,1s 

54,27 

63,87 

54,55 

64,87 

54,92 

64,63 

55,20 

65,64 

55,57 

65,39 

55,85 

66,40 

56,21 

66,16 

56,50 

67,16 

56,86 

66,92 

57, *5 

67,93 

57,50 

67,68 

57,8o 

68,69 

58,15 

68,44 

58,45 

69,45 

58,80 

69,2c 

59, IO 

70,22 

59,44 

69,96 

59,75 

70,98 

60.09 

70,72 

60,40 

7L74 

60,74 

71,48 

61,05 

72 ,5* 

61,38 

72,24 

61,70 

73,27 

62,03 

73,oc 

62,35 

74P3 

62,67 

73,76 

63,00 

74,8o 

63,32 

74,52 

63,65 

75,56 

63,97 

75,28 

64,30 

76,32 

64,61 

76.04 

64,94 

Dep. 

Lat. 

Dep. 

Lat. 

49t  Deg: 

49i  Keg. 

4°i  Deg. 


Lat. 


D 


ep. 


38,6433,29 
39,39  33,94 


40,15 

40,91 


41,67  35,90 


42,42 

43,18 

43,94 

44,70 

45,45 


46,21 

46,97 

47,73 

48,48 

49v24 

50,00 

50,76 

51,51 

52,27 

53,03 


53,79 

54,54 

55,30 

56,06 

56,82 

57,57 

58,33 

59>°9 

59,85 

60,61 


61,36 

62,12 

62,88 

63,64 

64,39 

65,15 

65,9* 

66,67 

67,42 

68,18 


34,6o 

35,25 


36,55 

37,2i 

37,86 

38,51 

39,i7 


39,8a 

40,47 

41,12 

41,78 

42,43 

43,08 

43,73 

44,39 

45,04 

45,69 


46,35 

47,00 

47,65 

48,30 

48,96 

49,6* 

50,26 

50,92 

5L57 

52,22 


d 

5^ 


82 


51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


61 

62 

63 

64 

65 

66 

67 

68 

69 

70 


71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


49t  Deg 
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traverse  table. 


<4 


ir 


41  De&- 


Lat. 


51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


3  8,49 
39>24 
40,00 

40,75 

41,51 

42,26 

43,02 

43,77 

44,53 

45,^8 


61 

62 

63 

64 

65 

66 
67 
63 


Dtp. 

33,46 
34, 1 2 
34,77 
35,43 
6,08 

36,74 
7,40 
.58,05 

38,71 

39,36 
40,02 
40,68 
4i,33 
4 1,99 
42,64 


4xi  Deg. 


Lat.  Dep 

38.34  33,63 

39.10  34, 29 

39.85  34,95 

40.60  35,60 

41.35  36,26 

42.10  36,02 

42.85  37,58 

43.61  38,24 

44.36  38,9° 

45.11  39,56 


46,04 
46,79 
47,55 
48,30 
49,06 
49,81  43,3° 


50,57 


43,96 

44 


,6 1 


45.86 

46.61 

47.37 

48:i2 

48.87 

49.62 

50.37 

5i,i3 


69 

?2,otJ, 

1-5,27  5 

70 

52,83  - 

15,92  3 

■  ■ 

71 

53,58 

16,58  5 

72 

54,34 

17,24  3 

73 

55i°9 

17,89  : 

74 

55,85 

48,55  . 

75 

56,60 

49,20 

76 

57,36 

49)86 

77 

58,11 

50,52 

78 

58^87 

51,27 

79 

59,62 

51,83 

80 

60,38 

52,48 

81 

61,13 

53,i4 

82 

61,89 

53,8o 

8.3 

62,64 

5  4,45 

84 

63,40 

55,11  | 

85 

64,15 

55,76  | 

86 

64,90 

56,42  I 

87 

65,66 

57,°8 

88 

66,41 

5  7,73 

1 

67,17 

58,39 

9° 

67,92 

59A7 1 

1  ^ - 

91 

68,68 

59,70  j 

92 

69,43 

60,36 

93 

70,19 

6  i,oi  1 

94 

70,9.1 

61,67 

95 

7L7C 

•  62,33  j 

!  96 

72,43 

6298 

i  97 

73,2] 

63,64 

!  08 

73,9* 

>  64,29 

I  99 

74,7 

2  64,95 

1 100 

75,4 

7  65,61 

>4,1 


4if  Deg- 

Lat.  j  Dtp. 


i  38,20 

i  38,95 

39.69 

40.44 
41,19 
41,94 

42.69 

43.44 


0,22 

.0,88 

1,54 

42,20 

2,86 

43,52 

44,18 

44,84 

45,49 

46,15 


33,79 

34,46 

35)12 

35)78 

36,44 

37,ii 

37) 77 

38) 43 


44,i9  3  9)°9 


44,94 


39)76 


45,69 
46,4^ 

47.18  41,75 

47,93 

48.68 

49.43  43)73 

50.18  44,40 

1  50,93 

51.68 

52.43 


52,09 

60.15  52,75 

60,90*53,41' 

61, 651.54,07 
62,4054,73 

63.15  55,38 
I  63,91 

64,66 
65,41 

66.16 
66,91 


J  1  yJ  > 

5  6,70  j  64,41 

57,36" 

5:8,02 
58,68 


67,6715.9,34 

68,42*60,00  , 

69,17  60,66  1  68,90.60,96 


69,92 

70,67 


72,93 
1 73,68 
74,43 
75,i* 


61,32 

61,98  | 
62,64 
.63,30  s 

63,96 

64,62 

65,28 


;  69,65*61,62 


d.cS- 

u 

H-  • 

P 

Let.  ] 

Jep* 

38,05  3 

3,96 

51 

38,79  3 

4,63 

52 

39?54  3 

5,29 

53 

40,29  3 

5,96 

54 

41,03  3 

6,62 

55 

41,78  3 

7,29 

56 

42,53  3 

7,96 

57  I 

43,27  3 

8,62 

58  ' 

44,02  3 

>9)29 

59 

44,76  3 

39)95 

60 

45,5i  ; 

5.0,62 

61 

J  46,26 

5.1,28 

62 

47,0c 

1L95 

63 

47,75 

42,62 

64 

48,49 

13)28 

65 

49,24 

43,95 

66 

;  49,99 

44,61 

67 

3  50,73 

45)28 

68 

2 1  51,48 

45)95 

69 

$|  52,22 

46,61 

70 

5|  52,97 

47,28 

71 

1  53,72 

47,94 

72 

7  54,46 

48,61 

73 

3  55,21 

49,28 

74 

0  55?95 

49)94 

75 

6  |  56,7c 

50,61 

76 

2  57)45 

5L27 

77 

8  1  58)19 

5X)94 

78 

5  5'8,94 

52,60 

79 

1  59)68 

53)27 

80 

7  60,43 

53)94 

81 

3  63,18 

54,6c 

82 

>o  61,92 

55,27 

83 

>6  62,67 

c5,93 

8  a 

52  63)41 

56,6c 

85 

;9  64,16 

57)24 

86 

>5  64,91 

57)9. 

87 

31  65,63 

58,6c 

)  88 

;7  66,4c 

59P( 

)  89 

64  67,11 

■  59)9. 

3  9° 

3°  i  67,8; 

3  60, 6< 

2  91 

96  68,6. 

6r,2 

6  92 

62  60,3 

•  61,9 

3  93 

29  70,1 

4  2, 5 

9  94 

95  70,8 

53)  2 

6  95 

6i  71,6 

63)9 

2  96 

27  72)3 

7  64,5 

9  97 

94  73,i 

«  65,2 

6  98 

60  73,8 

6  65,9 

2  99 

26  74,6 

i  66,5 

9  ICO 

at.  D-i 

Lat 

cji 
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• 

4?  Deg. 

424 

Deg. 

42i 

Deg. 

)  42  j  Deg. 

n 

•  1 

Lat. 

Dep, 

Lat, 

j  Q -p. 

Lat. 

Dep 

Lat. 
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53,88 

57,54 

54,13 

57’3° 

54,38 

57, 07 

54,63 

79  ( 

80 

58,51 

54,56 

58,27 

54,8i 

58,03 

55,07 

57,79 

55,32 

8°  | 

81 

59,34 

55,34 

59,°c 

55,50 

58,76 

55*76 

58,51 

56,01 

81  1 

82 

59,97 

55, 9 3 

'5  9  >7  3 

56,18 

59’  48 

56,45 

59)23 

56,70 

82  1 

33 

60,70 

56,61 

60,45 

56,87 

60,21 

57,13 

59,96 

57,40 

83  | 

84 

6i,43 

57,39 

61,18 

5  7,56 

60,93 

57,82 

60,68 

58,09 

84  1 

'  35 

63,17 

57,97 

61,91 

58,34 

6t,66 

58,51 

61,40 

58,78 

85 

86 

62,90 

58,65 

62,64 

58,93 

62,38 

59)20 

62.12 

59)47 

86  J 

37 

63-63 

59.33 

63,37 

59,6i 

63,11 

59)89 

62,85 

60,16 

87  j  ■ 

88 

64,36 

60,02 

64,10 

60,30 

63,83 

60,58 

6.3,57 

60,85 

88  if 

89 

65,09 

60,70 

64,82 

60,98 

64,56 

61,26 

64,29 

6i,54 

89  | 

90 

65,82 

61,38 

65-55 

61,67 

65,28 

6 1)95 

65,01 

(j  2  *  2  4 

9°  | 

91 

66,55 

62,06 

66,28 

63,35 

66,01 

62,64 

65,74 

62,93 

91  r 

92 

67,28 

63,74 

67,011 

63,04 

66,73 

65,33 

66,46 

63,62 

92  j 

93 

68,02 

63,43 

67,74 

63,73 

67,46 

64,02 

67,18 

64,31 

93  j 

94 

68,75 

64,11 

68,47 

64,41 

68,19 

64,71 

67,90 

65,00 

94  i 

95 

69,48 

64,79 

69,20 

65,09 

68,91 

65,39 

68,62 

65,69 

95  j 

96 

70,21 

65,47 

69,92 

65,78 

69,64 

66,08 

69,33 

66,39 

96  ■ 

97 

70,94 

66,15 

70,65 

66,46 1 

70,36 

66,77 

7°)07 

,7,08 

97 

98 

71,67 

66,84 

71,38 

67,i5{ 

71,09 

67,46 

70,79 

67)77 

98 

99 

73,40 

67,53 

73,11 
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71,81 

68,15 

7D5i 
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99 
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£  f 

47  Ueg, 

Li 

Deg.j 

46  *  peg. 

46? 

Dkg- 

.0  1 

§9 

T 

RAVE 

R  S 

E  TABLE. 

f 

O 

44  Deg- 

44i  Deg- 

44i  Deg- 

44-!  Deg- 

45  Deg- 

T1 

0 

1 

P 

Lat. 

Dep. 

L<it. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

• 

i 

0,72 

0,69 

0,72 

0,70 
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9>°7 
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11,26 

11,31 

n,3i 

16 

17 

12,23 

II, 81 

12,1.8 
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20 

21 
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14,59 
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22 
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22 

23 
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24 

17,26 

16,67 
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16,75 
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16,82 

17,04 
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24 

25 

17,98 

17,37 

17, 91 

17,44 

17,83 

17,52 

1 7,75 

17,60 
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26 
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18,14 

18,54 
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18,46 

18,30 
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26 

27 
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18,76 

19,34 

18,84 

19,26 
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19,01 
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28 

20,14 

19,45 
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29 
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20,33 
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30 
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21,03 

21,31 
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30 
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|2i,73 
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21  92J2I  92 
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3i,52 

30,70 

3L28 

,30,84 

31,25 

30,98 

3I,H 

3I,H 

44 

i 

45 

32,37 

31  26 

32,23 

3i,40 

32,10:31,54 

3i,96 

31,68 

31,82 

31,82 

45 

| 

46 

33P9 

31,95 

32,95 
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35,25 

34,04 
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53 

54 

55 

56 
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53 

59 
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61 

62 

63 

64 

65 
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63 

69 
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71 

72 

73 
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83 

84 

85 

86 

87 

88 

89 
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92 
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94 
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96 

97 

98 

99 
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36,69 

37,4i 


38,12 
38,84  3 

39,5 
40,28 
41,00 

41,72 
42,44 


43>i< 


35,43 
36,12 
36,82 
7,5i 
6  38,21 
38,9° 
39,6o 
40,29 
40,98 
6  41,68 


43,88 

44,6o 

45,32 

46,04 

46,7 

47,48 

48,20 

48,92 

49,63 

50,35 


42,37 
43,07 
43,76 
44,46 
6  45,i'5 
45,85 
46,54 
47,24 
47,93 
48,63 


51,07 

5i,79 

52,51 

53,23 

53,95 

54,67 

55,39 

56,11 

56,83 

57,55 


58,2; 

58,99 

59,71 

60,42 

61,14 

61,86 

62,58 

63,3 

64,02 

64,74 


65,46 

66,1 

66,90 

67,62 

68,34 

69,06 

69,78 

70,50 

71,21 

7i,93 


Dep. 


Dep. 


49,32 
50,02 
50,71 
5 1 ,40 
52,10 
52,79 
53,49 
54,i8 
54,88 
55,57 


56,27 

56,96 

57,66 

58,35 

59>°5 

59,74 

60.44 

61,13 

61,82 

62,52 


63,21 

63,9! 

64,60 

65,30 

65,99 

66,69 

67,38 

68,08 

68,77 

69,47 


Lat. 


46  Deg. 


444  Deg- 


Lat.  f  Dep. 
36,53  35,59 


37.25 

37, 96 
38,68 

39,40 

40,11 

40,83 

4L55 

42.26 
42,98 


43/9 

44.41 

45. 1 3 
45/4 

46,56 

47,28 

47,99 

48,71 

49.42 

50.14 


50.86 

5L57 

52.29 
53,oi 
53,72 
54,44 
55,i6 

55.87 
56,59 

57.30 


58,02 

58,74 

59,45 


60,89 

61,60 

62,32 

63,03 

63,75 


65,9° 

66,62 

67,33 

68,05 

68,76 

69,48 

70,20 

70,91 

7i>63 


36,29 

36,98 

37/8 

38,38 

39,o8 

39,77 

40,47 

4i,i7 

41,87 


42,57 

43,26 

43,96 

44/6 

45,36 

46,05 

46,75 

47,45 

48,15 

48,85 


49,54 

50,24 

50,94 

51,64 

52,33 

53,03 

53,73 

54,43 

55,13 

55,82 


56,52 

57,22 
5  7,92 


60,17  58,61 


59,3i 

60,01 

60,71 

61,41 

62, TO 


64,47  62,80 


65,1863,50 


Dep. 


64,20 

64,89 

65,59 

66,29 

66,99 

67,69 

68,38 

69,08 

69,78 


Lat* 


4Si  Deg. 


44i  Deg. 


Lat. 


36,38 

37,09  3 
37,8c 

38,52 
39,23 
39,94 
40,66 

41,37 
42,08 

42,79 


43,51 

44,22 

44,93 

45/5 

46,36 

47,0? 

47,79 

48,50 

49,21 


Dep. 


35,75 

6,45 

37,15 

37,85 

38,55 

39,25 

39)95 

40,65 

4i,35 

42,05 


42,76 

43,46 

44,i6 

44,86 

45,56 

46,26 

46,96 

47,66 

48,36 


49,93  49, 06 


50/4 

5L35 

52,07 

52,78 

53,49 


49,76 

50,47 

5i,i7 

51,87 

52,57 


54,21  53,27 


54,92 

55/3 

56,35 

57,o6 

57.77 
58,49 

59,20 

59,9i 

60,63 

6i,34 

62,05 

62.77 
63,48 


64,91 

65/2 

66,33 

67,05 

67,76 

68,4/ 


69,9c 

70,61 

7L33 


Dep. 


53,97 

54/7 

55,37 

56,07 


56,77 
57,47 
58,18 
58,88 
59,58 
60,28 
60,98 
61,68 
62,38 
64,19  63,08 


63,78 

64,48 

65,18 

65,89 

66,59 

67,29 


69,19  67,99 


68,69 

69,39 

70,09 


Lat. 
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36,22 
36,93 
37/4 
38,35 
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39,77 
40,48 


Dep. 


35,9° 

36,61 

37,31 

38,02 

38,72 

39,42 

40,13 


41,19  40,83 
41,9° 

42,61 


43,32 
44,03 
44,74 
45,45 
46,16 
46,87 
47,58 
48,29 
49,00 
49,71 
50,42 
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51.8451.39 
52,55 
53,26 
53>97 
54,68 

55.39 
56,10 
56,81 


57,52 

58,24 
58,95 
59,66 
60,37 
61,08 
61, 
62,50 
63,21 
63,92  6 
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64,63 

65,34 

66,05 

66,76 

67,47 

68,18 

68,89 

69,6c 

70,31 
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Dep. 


53,51 

54,21 

54,91 

55/2 

56,32 


57,03 

57,73 

58,43 


60,55 

1,25 

6l,95 

62,66 

3,36 
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64,77 
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68,99 
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36,77 
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38,89 

38,89 
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56 
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40,31 
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58 

41,72 
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59 
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60 

43,13 
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43,84 

62 
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45,96 
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73 

52,33 
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74 

53,03 
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76 
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77 
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83 
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84 
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86 
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62,93 

89 
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90 
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9i 
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92 
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93 
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96 

68,59 
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